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SIR, 



The great attention and zeal with which your Royal 
Highness has on all occasions fostered, and patron- 
ized every attempt towards the improvement of the 
Arts and Sciences, and which have so eminently 
conduced to their rapid progress, suggested to me 
the propriety of soliciting the honour of dedicating 
the following Treatise to your Royal Highness. 

I beg to return my most grateful acknowledg- 
ment for the distinction of having lx?en jHTUiitted 
to inscril)e, to so Illustrious a Personage, a Work 
which contains the result of my practical exj)ericnce 
of many years lalx)ur in my more active days. 



VI DEDICATION. 

The chief object which I have had in view, and 
which has not hitherto^ that I am aware of, been 
attempted in the English Language, is to give to 
the Philosopher, and scientific Artist, an account of 
the Art, from the earliest period to the present en- 
lightened age, and to endeavour to abridge the 
labour, and accelerate the dexterity of the practical 
and operative artizan. 

I have the distinguished honour to be, 

SIR, 

Your Royal Highness's 

Most devoted^ 

And obliged humble Servant, 



THOMAS REID. 



Edinburgh, 
TJth January, 18S0. 



PREFACE. 



The Article Horology, which I contributed to the E€Um' 
hmrgk EncjfdapMUOf abridged and imperfect as it ii, fiom 
the limits to whidi I was necessarily confined^ attracted the 
attention, and met the approbation of several scientific and 
practical Clock and Watchmakers ; and a separate pnbliea* 
tion, in a more extended form, was called for by some, whose 
opinions I am bound to respect 

Retired fipom the active pursuit of a profession, to which 
my whole life has been devoted, I have endeavoured to com- 
bine my own observations with those of the best practical 
writers, and to give the operative Clock and Watchmaker 
1 condensed view of the Art in Great Britain and on the 
Continent of Europe. 1 am sensible the work still labours 
under many defects, and that I require the indulgence of the 
Critical Reader ; yet I am unconscious of omitting, or 
slightly passing over any subject of essential importance. 



VIII PREFACE. 

At the advanced age of Fourscore^ I have now completed 
a work, which will, with all its imperfections, I am willing 
to believe, prove a useful vade mecum to the Mechanic, for 
whose use chiefly it was written, and who, I doubt not, will 
consider the solid information it may contain, of more value 
to him than the blandishments of a fine style ; at the same 
time, it illustrates, by historical and biographical details, 
subjects which might otherwise prove dry and uninteresting 
to the young Artist. I am not without hope also, that my 
labours may meet that candid reception from the Professors 
and Lecturers on Mechanical Philosophy, at our Universi* 
ties. Provincial Academies, and Mechanics' Institutions, to 
which such attempts for the advancement of useful know- 
ledge are justly entitled. 

My not having complied with the wish of the late lamented 
Professor Robison of this city, may perhaps be received as an 
apology for the absence of those theoretical and philosophical 
discussions which might otherwise have formed a prominent 
feature in the Work now submitted to the public. That 
learned gentleman, so early as 1793, had projected a work on 
the Theory and practice of Horology,* a subject which he 
had studied with particular attention ; and, in a letter ad- 
dressed to me, requested my assistance and participation in 
the composition and publication of the proposed work. The 
active duties of an extensive business forbade my acceptance 
of so very flattering and apparently profitable proposition : I 
have, however, endeavoured, to the best of uiy abilities, to sup- 



* See Robi8on*8 Meehanwal PhUo90pk^, edited by Dr. Brewster, toL iv. page GOd, 
under. tlie head ^' Watch wobk." 
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ply the want of nich a paUicatioo, unaccompanied indeed with 
tboie spirited and identific ?iews of Mechanical Philosophy, 
whidi it would have derived from the aid of Profeaaor 
Bobiaon, yet, I flatter mytdf, not the less calculated fbr^the 
pnctical Clock and Watdimaker, nor for the student and 
amateur in those branches of minute mechanism,— the won* 
derfbl results of which are every day unfolding themselves to 
the world. 

I have entrusted the publication and future revision of this 
Work to my friend and late partner, Mr. William Auld, 
a gentleman who is piactically acquainted with the Art ; and 
I have no doubt the subsequent editions, should the publi- 
cation ever acquire that circulation, will be found to keep 
pace frith the march of general improvement. 
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Fi«e 108, liottom Hn^ /or «< Mt top of pi«e 105/' fworf <* Mt 2d T^ 
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348, line 11 fioni bottom, /w <' Mnidienbraeet^V' ^mmI '^MiiiMbenbroepk't.'' 
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401, Bne 5 from top, >br ^ a strong tif^t oaBtt,** fMUf ** a etrong fpring tl|^t 

ooDet.** 
407t line 10 from bottom, /or '' 7-436," rmd ^ .7438** 
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CHAPTEB I. 

Inirodmeimy and HitioHeal RemaTk9—VicV9 Clocks <$r. 

TvTF mm^ ^ffimfroftiBg wadnnn fer mmMmng timt hut r^f^^^ 
been denomiaated Horology. Tide word ie derived from the Greek 
'ii^*»«)fM9, (tluMgb the Lftdn JVorofajgritfw) oonpounded of «fs ^^ 
ietir, aad A«y«» lo read or pokU out; hence «t*^^«yM9, a machine foft 
iadiorting the hoa» of the day. 

Long before eon-dials were intented, Clepeydroe, or water docks, 
had been made in the most remote periods of antiquity, and were used 
in Asia, China, India, Chaldea, Egypt, and Greece, where Pbtto 
introdneed them. Julius Cseser found them even in Britain when he 
esrried his arms thither, and it was by them he obsenred that the 
Bights in this climate were shcnrter than those in Italy; (see his Com- 
meniarieif lib. t. ziii.) Clepsy dr ae had been known at Home about 
sa hu ndred years before this, and it is probable, they may have been 
ss kmg known in Britain, seeing the euly intctooune the Phoenici- 
ans had with our ancestors in quest of tin. See a description of a 
very curious Clepsydra given by Mr. Hamilton in No. 479 of the 
PUL Trans. 

Toothed wheels, although known a considerable time before, were 
first apidied to Ckpsydrv by Ctesihius, a native of Alexandria, who 
lived 145 years before the Christian sera. But at what time, or by 
whom, the dodi with toothed wheels, crown-wheel scapemcnt, and 
the v^golalor in ftim of a cross suspended by a cord, with twoweighu 

B 
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to shift on it when regulating the clock, was invented, can now only 
be guessed at, as no positive information on this subject has been 
handed down to us. It was this kind of clock, a large turret one, 
which Charles V. King of France, surnamed the Wise, caused to 
be made at Paris by Henry Vick, wh© was sent for from Germany 
for the express purpose, and which was put up in the tower of his 
palace about the year 1370. Jql^en Le Roy, who had seen this 
clock, has given some account of it in his edition of Sully's Regie 
ariifidelie de temps^ Paris, 1737- See this ancient clock by Vick, in 
PliilQ {. Nq^ It • de^eriptioii of wbioh shall he given afterw«rd6. 

Before a clock could be brought even to the state of the one made 
by Vick, there must have been many alterations and progressive im- 
provements upon that which had first been projected, so that it must 
have been invented at least two or three centuries before Vick's time. 

As the same word for a sun-ctial am<mg the Greeks and Romans, 
was also that for a clock, disputes have arisen, whether the horologia 
of Pacificus and of Gerbert, were sun-dials or clocks. Father Alex- 
ander asserts, that the horologium of Gerbert was a clock ; while 
Hamburger siyposes it to have been 4 sun-diflf. from the pole star 
having been employed in setting it. Pacificus was Archdeacon of 
Veibna about tbe year 850. G^rbeit'vas P^>e, under tke name of 
Silvester II. and made his olook at Magcldi^iig about the year 996. 

Bidiard of Walling&td, .^bbet of St» AIban\ m England, who 
flourished in 1386, by a miracle of art coiistnicted a clock, which had 
not its equal in all Europe, according to the teglinionj of Oesner. 
Leland too, an old ISnglish author, informs us, that it was a clock 
which shewed the course of the sun, moon, and stars, and the rise 
and fall of the tides ; that it continued to go in his own time, which 
was about the latter end of Henry the Seventh^s reign ; and that 
according to tra£tion, this famous piece of mechanina was calkd 
Albion by the inyentor. 

<^ In 1382,'' says Father Alexander, ^' the Duke of Burgundy 
ordered to be taken away from the city of Courtray, on the Fpeneh 
army entering it, a doch which struck the hours, and which was the 
best at that time known, either on this side or beyond seas, and made 
it to be brought to Dijon, his capital, where it still is in the tewer cf 
Notre Dame. These are the three most ancient clocks that I ^d 
after that of Gerbert.'' 

^* We know no person,'^ continues this authorj ^' move ancient, and 
to whom we can more justly attribute tke invention ct Clocks with 
toothed wheds than to Gerbert. He was bom in Auvcrgne, and was 
a Monk in the Abbey of St. Gerard D'OiiUac, of the otdw of St. 
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Beanel. Ilk abbol tenl him into Spain, where he leanunl Astrology 
and the mitlifitio, in which he becMnc to great a {iroticicnt, that, 
in an age when these sciencci were little known* he paiksed for a lua- 
ai well aa the Abbot TritheoiiuD. (It majf hare hem/ar the. 
ofwHigic imymUd io Gerbert^ that h$ mu9 after lounU baniJk* 
edfiom Frmnce.) Frwi Spain he came to Ilome, and being a man 
motkwapmai to the tiaiea in which ho lived, ho waa there appuinted 
to mperinlend the monaatic Mtudiea in the Abbacy o£ ]k>bio, situated 
mnong the Appeninea in Liguria, foonded by St. Columbanus in the 
year 612; hot the kvw state of its fundi oompcUitl liim to return to 
Franee. 1^ reputation of hia learning and uncommon genius imiuc- 
ed Adalberon, Arehbisbop of Hlieimii, to establish him in 970, aa 
redor of the sdiools therB» and at tlic same time to make him hia 
priTale secretary. 

It waa near the end of the tenth centur)-, alxHU the year 996, when 
he made at Magdebmg thia clock bo wonderful aiid surprising, as to 
go ktf HMMfBs of weights mnd wheeU. I le was ^Vrehbiiihop of Hheima 
in 982, a dtnation which be held during three yearn, then Arch- 
bishop of Bavenna in 9979 ^n^ ^ 1^^ Sovereign Pontiff*, under the 
name of Silvester II. in 999; he died at the beginning uf the fifth 
year of hia pontificate, in 1003."* The clock constructed by Gerbert 
seems to hanre been made after he left Itheims, and l^efore his ap- 
pomtment to Ravenna ; and, it is highly probaUo, that this was the 
pcfiod when dock^making was introduced into Germany. 
^ Williaai Marlot, to show how wonderful this piece of work wss, 
use of aa expression which can hanlly be sufTerecl in mir lan- 
: JJmirabile harvlagium fabncarit per instrum^'ntum diaho* 
/seo arte imvemtum.'*' 

The westcn Christiana were particularly indebted to Gerbert for 
having transmitted to them the arithmetic whidi wo make wio of at 
the p r caent day* Abacum certe primus a Saracenie rapirmt refzulas 
dedii qutea eudatUibue AbacistU vir intelli^$ntur^ says the liisto. 
lian, William of Malmesbury, ad annum 999- Gerbert had also a 
great taste fiir mechanics. Wilfiam of Malmesbury snys, ibid. ** that 
in hia tinMT (that b to say, some time or long before the year 1142, 
the year in which he died,) " there was to bo seen in the church at 
Rhcuns, a mechanical clock which Gerbert had nuulc, and hydraulic 
organs, wfaere,^ says he, ^^ the wind, pushed in a wonderful manner 
by water. Bade them give dee mmie modtdie a desjiutee d'airainJ** 
^ Les horhigea J^ roues sent nne invention du moyen age^ dont on 
ignore la datte et Tautsur. Dans les usages de Citeaux vers 112<>, il 
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pose the balance clock, have only been made after a long train of re- 
search and time, and that clocks were not known in France till the 
middle of the fourteenth century ."^ 

The art of horology might be going slowly on in Germany, though 
the balance clock was imknown in Prance till 1370, previous to which 
Vick had been sent for by Charles V. of Prance. Had this not taken 
place, it might perhaps have remained still longer unknown. It must 
be allowed, that there is something inconsistent in Father Alexander's 
argument for giving the clock to Gerbert, and reflisingit to Pacificus, 
" because it was not known in Prance till 260 years after. The dis- 
covery was of too great utility not to be spread abroad, particularly 
in monasteries, where it was so much required to regulate the reli- 
gious duties of the night. In the famous monastery of Cluny, how- 
ever, the Sacristan, in 1108, went out to observe the stars, to know 
the time when to awaken the monks to prayer." In the early stages 
of the art, very few clocks could have been made, and those which 
were constructed must have been very imperfect. 

" As all arts arc at first imperfect,*^ says Hamberger, " it is ob- 
served of these clocks, that they sometimes deceived ; and hence in the 
Ordo Chmiacensis Bemardi Mmtasteni^ the person who regulated 
the clock is ordered, in case it should go wrong, '^ ut notet in cgdIo, 
et in cursu Stellarum vel etiam Lunae, ut fratres surgere faciat ad 
horam competcntcm : The same admonition is g^ven in the ConsH- 
tutiv^nes Hirsatigienses!^ Prom what is said here, it may be infer- 
red that those who had clocks in the eatliest periods, could not place 
much dependance on their keeping time ; and with great probability 
we may suppose, that many a palace, castle, and monastery, might 
long continue unprovided with such a machine. It was near the 
end of the fifteenth century before they came to be in use in pri- 
vate ftimilies. 

The art of clock-making seems to have been introduced into Eu- 
rope by some one or other of the Romish clergy. They were, in 
general, especially the higher orders, possessed of wealth, and had 
leisure to cultivate such of the arts and sciences as were then to be 
attained ; and if the art of horology did not originate with them, 
they certainly were among the first who did every thing in their power 
to promote and encourage it. Time-measuring being so desirable for 
the regulation of the stated services required by the Church, which 
took place at all hours of the day and night, their attention was na- 
turally called to a subject in which they were so much interested. 
Those who wish for farther information on the origin of clocks, are 
referred to The Artificial Clock-Maker, by Wm. Dcrham. D.D. 
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haodomj lOB— TVnM gimSral des Hnrloges, par 4e K. P. iMm. 
/«f«0 Alutmmdm^ EtMgimtm BenmUetin de la Omfprtgati&m 4$ 
Smmi Mamr,^FmiM, 173*— A DiMeiUtion by Hamberger hi Beck- 
■Mn*t jyiitoy mf Inm mimm , yoL iii. LondL l^VJ-^^HUMre de la 
Memory dm Tampa pm iaa HarhgOBj pm fardimamd Barthmdj 
Mm* mm ki a m dalaMmrina^ fcc he. t Parit, 1808. This Im U a Ytiy 
week iir am aoMtar in horology, and mm the iwalt of 
I kbow, whan tfe anihor was at a Tsry advanced peried 
of life. To these moy be added, HiaMte de PAHnpfumla Afo* 
tooi. L p. 60, edition de 178S ; and Hiaia¥tB da PA^ramm^ 

JiT. iv. § Si. Ut. ii. § 6— rUrwritM^s 



FoDhb Vitnmos lived 40 yean befiirt ( *bristp and was architect U 
Aognstu. In a trinnqdi of Pompcy, amongthc s)MiilBbvoagfat from 
Ae east, was a water-dock, the esse of which was stnuig toond 
with paris, PUny, Kb* mvii. cap. i. Mhmiret de t Academic dot 
/naenpHama^ torn. xz. p. 446. 



It wonld be a waste of time to describe the nature of wheeb and pi- 
ns this kind of madiinery is now so generally known. It may be 
snffcient to Mnarl^ that a do^ or watch morcmcnt is an smrmHsgr 
of wheels and pinions, contained in a frame of two brssa {dates, ood- 
neeted by means of pillan ; the first, or great wheel, in an dght day 
■sfinBim» has, ooncentric with it, a cyUndrical barrel, having a spi- 
nd gioewo ens on it. T$ this cylinder is attached one end of a cord, 
whidi is wiapped roond in the groove, for any determined number of 
turns, and to the other end of die cord is hung a weight, which co»- 
stitntcs a power or fofce to set the whole in motion. Their time of 
continuing in motion will depend on the height through which the 
■ ligh t has to dtncind, on the number of teeth in the first or great 
whed, end on the number of teeth or leaves of the pinion upon 
whidi dns whed acts, he. 

The wheeb in spring docks and in watches are urged on by the tatet 
of a spird ipting, contained in a hoUow cylindrical barrel or box. So 
which one end of a dwin or oord is fixed, and, lapping it round the 
hand fer severd turns outside, the other end is fixed to die bcHtom of 
asolid, shaped like the fhistrum of a cone, known by the name of the 
/ifsas, having a spiid groove cut on it. On the bottom of this cone, 
or fusee, the first or great wheel is put. The arbor on which the spring 
band turns, is so fixed in the frame that it cannot turn when the fu* 
sasiswhsdingnii; theinner end of the spring hooks on by an eye to 
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the barrel arbor, and the out^ end hooks by the same way to the 
inside of the barrel. Now, if the fusee is 'turned roond intheproper 
direction, it will take on the Kx>rd or chain, and (Donseqoently take it 
off from the barrel. This bends up the spring, and, if die ftisee 
and great wheel are left to tbemselyes, the force exerted by the spring 
in the barrel to iiilbend itself, will make the barrel turn in a contrary 
direction to that by which it was bent up. This fiyroe of the spring 
unbencBng itself, being communicated to^ the wheels, will set them 
in motion, and they will move with considorable Tdodty. Their 
time cf.oQDtinuing in motion will depend on the number of turns in 
the spiral groo?e ohthe fusee, Uie number of teeth in the first or 
great wheel, and on the number of leaves in the pinion upon which 
the great wheel acts, &c. The wheels in any sort of movement, when 
at liberty or free to turn, and when impelled by a force, whether it 
is that of a weight or a spring, would soon allow this fierce to termi- 
nate ; fiir as the action of the . force is constant from its first com- 
mencement, the wheels would be greatly accelerated in their course, 
and it would be an improper machine to register time or its parts ; 
the necessity of checking this acceleration, and making the wheels 
move with an unifimn motion, gave rise to the inTcntian of the es- 
capement, or ^scapement, as it is commonly called. To efiect this, an 
alternate motion was necessary, which req^iired no small effort of hu- 
man ingenuity to produce. 

To a professional artist, a descnpdon of all the parts of Videos 

-dock is quite unnecessary, as a mere view of it in the plate would to 

him be sufficient ; but, as it is handed dbi^ to us as one of the most 

ancient balance clocks, and having been seen almost in our own time, 

or very near to it, a description dT the gdng part may be given. 

A is a weight suspended by a cord, which is wrapped round a cy- 
linder or barrel B, keyed spring tight on an axis or arbor aoj whose 
smaller parts 62, called the pivots^ enter into holes made in the plates 
CC, DD, in which they turn : These plates in the andent clocks 
were made of iron, and put together by the kneed parts ££, whidi are 
finmed from the ends of the plate CC ; a screwed part at the extre- 
mity of the knees connects this plate by nuts to the plate DD ; this 
assemblage of the plates and kneed parts is called the frame. 

The action of the weight A, nec^sarily tends to turn the cylinder 
B ; so that, if it was not restrained, its descent wonld be by an ac- 
oderated motion, like to that of a body which falls firedy ; but the 
cylinder has at one end a ratchet tootibed whed F, the face of the 
ratchet teeth strike or butt on the end of the dick c, the click is 
pressed by a spring d^ which fivces it to enter into the ratchet, when 
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ii haft been Mi aude finm them. It u this mechiiiUm vhich is called 
the eUek amd raickei wark^ and by means of which, the weight, 
whoi vound op, is prerented from turaii^ bacL It may then be 
ooooeiFed that the action of the ve^ht is transmitted to the toothed 
wheel GG ; the teeth of this wheel enter within the spaces of the 
teeth, or tmndles, which are fiormed on the small wheel, or lantern 
piakm c, and so that they oblige or force it to turn on its pivots //. 
This ooaununication of the teeth of one wheel with those of another, 
or with a pinion of any kind» is^ in tfchnical language, called 



The wheel HH is fised on the arbor of the lantern pinion e ; thus 
the motion communicated by the weight to the wheel GG is transmit- 
ted to the pinion e, and consequently to the wheel HH, (and causes 
it to tmrm on its pilots//) ; this pitches into the lantern pinion g^ 
whoee axis cscries the ceown wheel II, which is named the scape- 
mem whesl, or whed of rencounter; at last, the motion impressed 
by the TS%hr A, is transmitted from the crown wheel II to the lev- 
crs or pallets A t, which are formed on the vertical axis KK, move* 
able on its two pivots K /; it is on this axis that the regulator, or 
halaooe LL ia fixed ; this balance is suspended by a cord M, and 
csB describe loond its pivots, arcs of a circle going and returning al- 
temately on itsdf^ making tfibrahone. 

The altcnate motion or vibration of the balance is produced by 
the action of the wheel II, on the pallets which project from the axis 
of the balance, the angle formed between them is about 90 degrees ; 
SD that when a tooth of the wheel has drawn aside the pallet A, and 
cscqies or gets past it, the other pallet • presents itself to a tooth of 
the whed neatly diametrically opposite, which in its turn is drawn 
aside ; so that the wheel turning always the same way, the balance 
goes and comes on itself^ forming vibrations which moderate and ro- 
galate the vdocity of the wheel II, and consequently the wheels H, 
and G, whose revolutions servjs to measure time, llie balance here, 
in place of being like the fly of a kitchen jack, as they sometimes 
were, ia finned of two thin arms projecting from the verge or axis 
of the hahinfifj making a sort of cross ; on these arms several con- 
centric notches are made ; a small weight m is sppended to each arm; 
fay carrying the we^^ts mm, more or less from the centre, will make 
the dock go slow or fist 

The reciprocal action of the wheel II, on the pallets A t, carried by 
the axis of the bahmce, and of the palleU themselves on the wheel to 
ngnhte the motion of it, is what is called the Svapewient or Scaping. 



10 vick's clock. 

The wheel 6G, makes a revolutioB in an hour, the pivot 6 6 of 
this wheel is prolonged beyond the out^de of the plate CC ; it car- 
ries a pinion, u, which pitches in, or leads the wheel NN, and causes 
it to make a turn in 12 hours ; the axis of this wheel carries the in- 
dex or hand, O, which points out the hours on the dial. It must 
be explained what determines the wheel 6G to make one revolu* 
tbn precisely in an hour ; for this puipose it must be known, that 
the vibrations of the regulator or balance are so much the slower 
the heavier it is, or is of a great diamet«r. Suppose that the balance 
LL can make vibrations whose time is exactly that of one second, 
and this is borne at by bringing nearer or farther from the centre the 
weights m m, as has been already noticed ; that being understood, it 
may be shown how, by means of the number of the teeth of the 
wheels and pinions, we determine the wheel GG lo make a revolu-» 
tion exactly in an hour. In giting 30 teeth to the crown wheel II, 
then, during the time it takes to make one turn, the balance will 
make 60 vibrations^ fbt at each Mtm of the wheel the same tooth acts 
once on the pallet A, and once on that of i, which produces two vibra^ 
tions ftHT each tooth, so thus the wheel having SO teeth, it must cause 
twice 80 vibradoBs to be made ; it then makes its revolution in a miv 
nute of time ; it is also necessary that this wheel makes 60 turns du*- 
ring the time that the wheel GrG makes one. Now to determine the 
numbev of the teeth in the wheels GG and HH and their pinions, 
it is ]^per to observe, that a wheel gives as many more turns to its 
{nnioii, whilst it makes one, as the number of the teeth of the pinion 
is contained a greater number of times in that of the teeth of the 
wheel; for, supposing the wheel G 6 has 64 teeth, and the lantern 
pittion 8, this pinion will make 8 turns during the time that, the 
whed will make one : which is evident, for each tooth of tho wheel 
moves forward one tooth of the pinion ; so thus, wh^n the pinion haa 
advanced forward 8 teedi^ which makes its revolution, the wheel GG 
has only advanced 8 teeth : now^ for the wheel to complete its revt^ 
lotion, it must yet advance 66 teeth more, which will make 7 times 8 
of the pinion ; that is to say, it shall cause it to make ^ turns, which, 
joined to the one which it has made, gives 6 revolutions of the piniofi 
for one of the wheel* By the like means, the wheel HH having 60 
teeth, and the pinion g 8, it will cause the pinion to make 74 turns ; 
but the wheel HH carries the pinion e, making 8 turns for one of 
the wheel GG ; the pinion g makes then 8 times ^^ turns, that is to 
say, 60 during the time that the wheel GG makes one turn : and 
having seen that the wheel II, tarried by the pinion ^, makes a re- 
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irolution in t minute, the wheel G(> m$kcn then a turn in an hour. 
Bt the same reiaoning, we tee that the pinion m, earned by the 
SUB of the wheel OG, nniit make 19 turns during the time that 
the wheel NN makee one. This wheel ought to have 12 times more 
teeth than the pinion ; and if it has 8 teeth, the wheel NN must have 
96. From the side of the wheel NN, twelve pins project, which 
serve to discharge the striking p«rt« 

When the cord which nuspends the weight A is wholly run off' 
from the cylinder, a handled key is used, whose canon has a square 
hole in it flo as to ent^ upon the square P, on the arbor of the lan- 
tern pinion n, which pitches in with the wheel li, fixed on the end of 
the baml B ; and in turning this key the weight is again wound up. 
The wheel R, and that of F, can turn separately from that of GG, 
which keqM its place. This retrograde motion of the cylinder or 
faanwl is obtained by means of the eUck and ratchet work F, e, d 
The teeth of the nrtcheC are inclined on one side, which raise up 
the dick c, so that during the time of winding up the weight, the 
mdiet F tnnw separatdy from the wheel 6G ; but, upon ceasing 
la wind up the weight, it acts upon the cylinder and ratchet, the 
6oea of whose leeih butt or come anew against the end of the dick ^, 
which foieea the wheri GG to turn with the cylinder ; the spring d 
tcrvesy as fana been abeady mentioned, to bring the didc back into 
the space of the ratchet teeth. Of the striking part of Henry Vick*8 
clock we have only to remark, that it must have raised a very massy 
haauner, eooaidering the enormous weight applied to it, being above 
500poiHiids to each pait. 

It was thought nowise necessary to give either a representatioh or 
dcaeriptioii of the striking part ; suflce it to say, that, Hfce the old 
docks, it lodced against an interrupted hoop, filed on what was calU 
ed die hoop whed ; and deven notdics on the circumfcrence or edgt 
of a plate whed, commonly called the count wheel, determined the 
hours or number of blows whidi the hammer should give. 

Either Julicn Le Roy, or Berthoud, must have made a mistake, 

m making the crown wheel in Vicky's clock to have 30 teeth, unless it 

may have been merely for the purpose of showing in a clearer point 

of view, that Ae time of a revdution should be equal to one minute. 

It is wdl known, that tlie emwn wheel ^scapement cannot admit the 

whed to have an even number, no other than an odd number will 

'scape with the pallets on the verge. Had the number been ^9, and 

the time of one vibration about equal, or nearly so, to one second, 

then one revolution of the crown wheel, or 68 vibrations, would have 

been nearly one mbute, or somewhat thereabouts. 
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« 



Before giving an account of the first 'scapement, and the im- 
provements on it, which subsequently followed, it may be more in 
order, first to enter into the calculation of the numbers for wheels and 
pinions, their proportional sizes, trains, length of pendulum, &c. &c. 



CHAPTER 11. 

To find the Number of Vibrations in a Minute^ or in an Hour^ 
haeing the numbers of the wheel teeth and of the pinion leaves ; 
and also tofirid the numbers for the wheel teeth, having assumed 
numbers for the pinions^ for the swing or balance wheel, and the 
number of Vibrations required in an Hour^ ^c. SfC, 

The beats given by the alternate motion of the ^scapement, are a 
determined number in a minute, or in an hour, called the train, 
which depend on the number of wheels in the movement, their num- 
ber of teeth, on the number of the pinions, and the number of their 
leeth or leaves : the beats in an hour of a common seconds clock are 
3800, and I788O are the number of beats given by a common 
watch. 

In a combination of two or more wheels and theirpinions, the ratio 
of the pinions to their wheels being given, the number of revolutions 
of the last wheel, fi>r one of the first, can be deduced. The first 
wheel being supposed to make a revolution in an hour, during which 
time let it drive a pinion eight times round, concentric with the 
{Mnion is a wheel which drives another pinion seven and a half times 
round; on the arbor of this pinion is a wheel that may at pleasure, or 
rather must be cut into such a number of teeth as to mske up the 
required number of vibrations. The wheels and their pmions may be 

represented thus : . . -:;; 7^ = 60, which is the number of re- 

^ puuons 1x1 

volutions that the last pinion must nudce for one of the first wheel. 
If the pinions have eight leaves each, then it fbUows that one of the 
wheeb must have eight times this number of teeth, which will be 
64, and the other seven and a half times equal to 60. The revolu- 
tions will be the same to the last wheel or its pinion, in whatever 
order the two wheels are taken. 
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A fractioii does not lose its Taltia wlielher k if diTidtd or nuilit* 
pbcd by « Uke mimber. The whods bang 64 and fiO, Iheir pi- 

nions 8, they may stand thus : ^^^ =00; if we were to double 

tbe nninben of the pinion leaves, they would become 16» the wheds 
would then be 128 and 120. By taking a fourth part from thenit 
they become pinions of 6» in this case the wheels would be 48 and 
45, as 6x8=48, and 6x74=45. The revolutions of the kst pinion 
may be fisund without the use of fractions. Let the product of the 
wheel teeth, when multiplied into one another, be di^yided by the 
product of the pinions, the quotient will be the number of revolu- 
tions of the last pinion, which here will be evident, for 64x60= 
304Oh-64=60. Whatever number of teeth is cut in the last or 
swii^ wheel, it will give double the number of vibrationa ftr every 
frvolatum ; then, if the number of teeth u 90, the vibrations will be 
60 ; and, as it makes 60 revdntions in an hour, it must make 3000 
vibrstioiis in an hour, ibr 60x60=3600. If the pinions here, in 
place of being driven, were made the drivera, or, more ptoperlyt 
the leaden, as in orreries, or pUnetariums, and what was the last 
pimon bc&re, to be placed as the first leader, making its revolu- 
tion in an hour, then the first wheel befine, being now last in the or- 
der, would take 3660 hours, or 150 days, to make one revolutioo. 

The number of vibrations in an hour being given, likewise the 
Bombers of the wheel teeth, and of the pinion leaves, to know what 
inisi be the number to cut fiir the swing wheel teeth« The product 
sf the nnmbcrs of the wheel teeth multiplied into one another, divid- 
ed by the product of tbe pinions, the quotient will give the number 
cf the revdtttions which the swing wheel must make in an hour; 
the given number of vibrations in an hour being divided by this 
quotient, will give double the number of the swing wheel teeth. 

Eramples. — Given 7^^ ^ ^he number of vibrations required in 
sn hour, the wheels having 80 teeth each, and the pinions 8 leaves 
eadi ; required the number of teeth to be cut in the swing whed» 
so as to give this number of vibrations in an hour ? 

Here 80x80=6400^4=100 and 720O+10O=:72, the half of 
this is 96, b^ng the number fiir the swing wheel teeth. Let the 
required number of vibrations be ISBO^ the wheels 90 and 84, and 
the pinioBS 8 eadi; what must be the number of teeth in die swing 
wheel ?— 90x84=7560-h64=l 18.136, and 7560^-1 1 8.12o=G4 ; the 
Bomber of teeth in the swing wheel must then be 32.^ The num- 
ber of vibrations being 6720, the wheels 84 and 80, the pinions 8 
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each, what number is requiied for the swing wheel teeth? — 
84x80=6720-7-64=105. and 6720-1-105=64, the swing wheel teeth 
are then 32. It might happen that the number of vibrations 
required, and the numbers of the wheel teeth, and of the pinion 
leaves, may be so incommensurate, that the quotient obtained, 
besides being a whole number, may have some decimal parts annex- 
ed to it, which woidd in this case be improper, and could not be used. 

In order to ascertain what the numbers for the wheel teeth of a 
clock or watch movement should be, three things are requisite to be 
known or fixed upon ; First, the number of beats to be given in a 
minute or in an hour ; Second, the number of the pinions and of 
their leaves ; and, Third, the number of teeth it is intended for the 
swing or balance wheel to have. 

Rule. — The number of vibrations or beats in an hour, being mul- 
tiplied by the number of leaves in each phnon, or, what is the same 
thing, each pinion being midtiplied into one another, and with the 
product multiply the number of vilvations in an hour, this last pro- 
duct befaig divided by double the number intended for the swing, or 
balance wheel, will give for tbe quotient such a number, that when 
divided by prime numbers, first by two, as often as it will divide by 
two, without leaving a remainder ; then by three, as often as it will 
divide by it ; by five, as often as it will ; aind by T, 11, 13, &c until 
no remainder is left ; and afterwards arranging the divisors, they may 
be made out «o, as to have sets of them, which when multiplied into 
one another, will give the proper numbers for the wheel teeth requir- 
ed. A few examples will make the matter so plain and easy, that 
few can fidl to comprehend t^m ; and the numbers in a oommon 
dock movement bring known to almost every clock maker, an ex- 
ample of it shall be taken for the first, in order that the beau^ and 
fiudlity of the rule may the more readily be seen. 

The vibrations or beats of a ccHnmon seconds pendulum clock are 
60 in a minute, or 3600 in an hour ; the pinions are commonly two 
of 8 leaves each, and the swing wheel having 30 teeth : Required the 
number of teeth diat must be put into the second and third wheels ? 

The two pinions of 8, multiplied together, make 64, and 3600 
being multiplied by 64, gives for the product 230400, which, divided 
by 60, the double of the number of teeth in the swing wheel, we ob- 
tain a quotient of 8840; and this last being divided by 2, 3, and 5, 
will, by the divisors, when taken in separate sets and multiplied into 
one another, give two numbers, which will be those of the teeth for 
the second and third wheels. 
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Ift 



Heve the divitort are eight 2*, 
one 3i» and a 5, which, when arran- 
ged into proper sets, will ffive the 
numbera fcr the teeth of eacn wheel. 
»x3=4xfc:8x2=16x3!=d2x2= 64 
2x2=4x3=12x5=60 

The number 64 is given for the 
teeth of the second wheel, and 60 for 
those on the third wheel; or the num- 
bers for the wheeb maybe rtce versa. 



The vibrations being 1800 in an hour, two pinions of 10 leavea 
cadi, and the swing wheel 90 teeth : Required the numbers for the 
teeth of the second and third wheels ? 



3600x8x8+60% 3840 


2 


1920 


a 


960 


9 


480 


9 


S40 


2 


ISO 


9 


80 


2 


30 


2 


15 


3 


5 


5 


1 





bsSOOO 


9 


1800 


9 


760 


9 


375 


3 


195 


6 


9S 


6 


5 


5 


1 


1 



This ipves for the divisors three 
2*, one S» «id three 5% and, when 
arranged Into two sets, give the 
numlMra 60 and 50 for the teeth 
of the sooQiid and third wheels. 
8x2s4x3=12x5=60 
2x5=10x5=50. 



HaTiBg two pinions of 12 each, and the swing wheel with 32 teeth : 
Required the numbers for the teeth of the two wheels, so as to give 
100 Tifarations in a minute ? 



IOex0eXlSXlS>M»4OOO .-64=sl3M00 I S 



•7it 




as76 




1125 




»7» 




136 




2'i 




ft 




1 





Here are two 2*, three 3^, «ii4 
tkfw 08, wkiflls flMdt lot* yni. 
par Mt», will ftvB th« aumbni Car 
the tMth at the wheels. 



ftXA=iAX9=ltft 
6 SXS»4X3=l2X3«s98X3»=lM 



Bj this is shewn, that a second whed of 125 teeth, and a third wheel 
of 106, the swing wheel 32, and two pinions of 12 each, will give 100 
Tibratuma in a minute. 



Two pudons of 10 each, and the awing wheel 30 : Required the 
numbers for the teeth of the two wheek, 00 as to give 100 vibrations 
in a minute ? 
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100x60x10x10+60= 



10000 


2 


£000 


2 


8600 


2 


1850 


2 


625 


6 


125 


6 


25 


5 


5 


5 


1 





The diviaon of this bemg 
four 2*, and four 5*, when put 
into sett, will give 100 for 
the teeth of each wheel. 



2x2=4x5=20x5=100 
2x2=4x6=20x6=100. 



Two pinions of 8 leaves each, and the swing wheel 30: Required 
the numbers of the second and third wheels, so as to give 120 vi- 
brations in a minute ? 



120x60x8x8+60= 7680 

3840 

1920 

960 

480 

940 

120 

60 

30 

15 



2 

2 

2 

2 

2 

2 

2 2x2=4x2=8x2=16x2=32x3=96 

2 2X2=4X2= 8x2=16x5=80 

2 



Nine 2*, one 3, and a 5, when 
iptapeAy araanged, wiU give the 
numbers 96 and 80 for ue teeth 
of the two wheels. 



1 

There are some cases where the douUe of the number of the swing 
wheel teeth, will not divide the product of the vibrations in an hour 
multiplied by the pinions, without leaving a remainder ; and, even 
where no remainder is left, there are sometimes such disproportionate 
and prime numbers given for the wheel teeth, as could not well be 
adopted in practice ; assuming 118 finr the number of vibrations in a 
minute is one of those cases. 

The swing wheel having 32 teeth, a pinion of 9, and one of 8, the 
vibrations 108 in a minute : Beqnired the numbers for the teeth of 
the second and third wheels ? 



102x60x9x8+64= 6885 


3 


2295 


3 


765 


3 


255 


3 


85 


5 


17 


17 


1 





The diTiaon sre four S*, one 5, and a 17^ 
which last being a prime number, cannot be 
further divided ; taking it therefore with the 
A, wlH giTe 85 for the teoond whed, the 
four Ss wiU [^re the other. 

5x1 7=86 second wheel 
3x3=9x3==37x3=:81 third wheel 
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The TilmtioM hmag 115 in • minute, the pinions b each, and 
the fwing wheel 30: Whet nnM be the munbert for the teeth of the 
vheeb? 



I]5x60x8x8-i-a()= 7360 

3x2= 4x93=92 
=8x2=16x 5= 80 



The difimrt are six 2% one 5, andaXk 
The wheela 92, 80. and 30, and 2 pinions 
of 8 each ; will give 1 15 vibrationA in a 
minute. 



The two foregoing examples, although they arc within the limiu of 
practioe, may senre to shew that larger prime numbers may occur, 
and, eonaeqiocntly, be unfit for use, as is the case in assuming 1 18 
tar the beats in a minute, as noticed above, where the prime numU*r 
59 is the constant result of the diviHion, and which number is quite 
incommensurate with the other divisors to make proper sets for the 
munhcTs of the wheel teeth. 

The vibrationa 106 in a minute, the pinions 8 and 7, the swing 
wheel 90: What must be the numbers for the wheel teeth ? 



108x60x8x7-«-00= 6048 



2x2=4x3=12x7:=: 84 
2x2=4x2=8x3=24x3= 72 



The divisors are five 2*, three 3*, and 
a 7 ; the wheels 84, 72, and 30 ; the 
pinions 8 and 7; will give lOH vibrations 
in a minute. 



The mimbar of examplea given, ia in order that the rule may be- 
come the more fiuniliar and easy, llmse who wish to prosecute this 
solgectf and would require to have rules for finding not only the 
mrnibpTs for the wheel teeth, hot to find at the same time the num- 
bers fisr the innion leaves, and the numbers for the teeth of swing or 
balance wheels, are 'referred to FAhn^nn de Mechanique Statique^ 
tfmke second, trmsihne editum^ par M. Camus, a Pari», de rimpri- 
merie de PrauUy 1767, or an English translation of this part of it, for 
J. Taykr, at tl^ Architectural Library, No. 59, High Ilolliom, 
London, 1806. These problems by Cnnnui^ are more rc({uisite for 
the finding of such numbers far wheels and pinions, as will give the 
nearest times fisr the rerolutions of the pUnets, in planetariums or 
orreries, than fisr any motion wanted in clock or watch-work simply. 



The preceding rule applies equally to the finding of num1>crH for the 
wheel teeth in watch movements ; and, fur the sake of tlie watch- 

r, some examples ahall be given. 

c 
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For the first example, let that of a oDSttnoa watch be taken, where 
the balance wheel has 15 teeth, three {onions, haynig six leaves eac]l» 
and the beats, train, or vibrations in an hour is 17280 : Required the 
numbers for the teeth of the second, third, and fourth, (or contrate) 
wheels? 

Vibrations per mmute 288x60x6x6x6-^30=124416 



2x3=6x3=18x3=54 
2x2=4x2=8x2=16x3=48 
2x2=4x2=8X2=16x3=48. 



The divisors here will be found to con- 
sist of nine 2*, and five 3% which, when 
properly arranyged, will give for the num- 
bers of the wheel teeth, 54, 48, and 48» 
with a bdanoe wheel tif 15 teeth, and 
thiee pniioiis of 6 «ach, wUl give a train 
of 17280, the beats in aa hour* 



The train is 18000 in an hour, the balance wheel IS teeth, and 
three pinions of 6 leaves each : Required the numbers for the second, 
third, and fi>urth wheels ? 

Vibrations per minute 300x60x6x6x6h-30=129600. The divi* 
sors of which are six 2*, four 3*, and two 5*. 

3x3=9x3=27x2=54 ) 

2x5=10x5=50 y The nanAen for the mh^A teeth. 
2x2=4x2=8x2=16x3=48. ) 

Theae divisetB can be arranged imo anatfaeraet of numbers, should 
it be thought necessary, as thns : 



2xa=4xa^a=16>^M }■ JS^ given &r the teeU. of the 
3x3= 9x6=46. J '*"*^ 

Taking the train 17280, the bslance wheel 14, two pinions of 8, 
and one of 7, what must be the numbers for the teeth of the three 
whedsP 

17280x8x8x7^28=27648a Thedivisors are eleven 2*^ ihree % 
and one 5. 

2x2=4x2= 8x3=24x3=72 ) m„«Iw« ^«^fi»,tli« wheel 
2x2=4x2=8x2=16x2=32x2=64 K^^*^ ^^ ^ ^"^ ^^^ 
2x2= 4x8r:12x5=«8. | ^•™*- 

If the number 72 is taken fbr die fixurih whed, then this wfll beii 
fi)urth wheel seconds movement. 
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Thb hmU m am hiv ITSflO* two panoai of 8, luid one of 1, the 
«kKll4: Bflq«mdth«nuidbtnfivdKteolhofthoMooiKi, 
dnrd, mad fourth wheels ? 

lf99QxSx8x7H.88BE88t7e0, whoMr dimon aie tUnten S", one 5, 
and a 7. 



fclSS^aoS^ I NombefgifiifortheteHh 
9x9=4x2=8x2=:iext=aBxf=61 



I NoBibert^w 
Tof tha whoeU. 



Tlie iMHi ia m hmn htng Mramed at 18000, twa piniooa oT 10, 
and one af 8, tkaUaBDa wheel 15 teeth: Requirad the nmnbeta for 
dbe tMth of ^ aaoaadt duid, aad fomth wfaeek ' 

18000x10x10x8-1-30^460000. The divbon are eight »,eiie a, 
and four 5*. 

SxS:=4xS=8x9=l6x£s;=00 ) 
9x2=4x^=8x2=16x5=^ V Noatapt for dM wheel teeth. 

3x5=16x6=75.) 

If the fourth whed in thia ja anada 80, that ia changing placet and 
■nnhera wiih |ha tbU wheali it will tfaea baoone a fourth wheel 
aeooods morement. 

Giren 18432 for the heate in an hour, the pinimt 8 eaoh, andtlic 
halanae wImI M : PufMud Aa nonibera far the taelh oi the three 
wheels ? 

18432x8x8x8-^32=294919. The dirisors are fifteen 2*, and 
two 3* ; (or one 9, which is the same thbg ; yet, properly speaking, 
9 should nerer In dieae cases be expressed^ althoui^ it may be im- 
{fied, as it Is not itself a prime number.) 

2x2= 4x2= 8x9=72 
8x2=4x3=8x2=16x2=32x2=64 V Nmnben for the wheel teeth. 



f= 4x2= 8x9=72 ) 
^16x2=32x2=64 V 
t=16xt=82x2s«l) 



Gsren 360 beats in a minute, or 21600 in an hour, the pinions 8 
eaA, and iha tMianae wheel 15 : 'What aumbert will be required for 
die teeth af *e a4ieels? 

21608K8k^8-i-3Osb80B649. Hie diTiaors are thnrleen f, two 
9, sod a 6. 

Sx2a4xSs8xSsl6xSs»xt«i61> ••^ 

CS 
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Given 18000 beats in an hour, the pinions 8, and the balance 
wheel 15: What numbers will be required for the teeth of the 

wheels ? 

18000x8x8x8-r-30=307200. The divisors are twelve 2*, one 3, 
and two 5*. 

2x2=4x2=8x2=16x2=32x2=64 I ^'^ ''^^^ ^^' *^® ^^^ 
2x2=4x2=8x2=16x2=32x2=64) ^®®"*- 

Given the same as the preceding example^ only the balance wheel 
16 in place of 15 : To find the numbers for the wheel teeth ? 

18000x8x8x8-^32=288000. The divisors are eight », two 3*, 
and three 5*. 

2x2=4x2=8x2=16x2=32x234 I .J^^ """^^^ ^^' ^^ ^^^ 
2x2= 4x5=20x3=60.) *^®^ 

Given 20250 for the train, pinions of 6, and the balance wheel 15 : 
To find the numbers for the wheel teeth ? 

20250x6x6x6-9-30=145800. The divisors are three 2", six 9", 
and two 5*. 

3x3=9x3=27x2=54 ) 

3x3=9x3=27x2=54 > The numbers found for the wheel teeth. 
5x5=25x2=50 ) 

Given 7200 beats in an hour, the pinions 8, and the balance wheel 
15 : To find the numbers for the teeth of the wheels ? 

7200x8x8x&4-30=122880. The divisors are thirteen 2*, one 3, 
and a 5. 

2x2=4x2=8x2=16x2=32x2=64 ) 

2x2=4x2= 8x2=16x3=48 > Numbers for the wheel teeth. 
2x2= 4x2= 8x5=46.) 

Given 14400 beats in an houi^, the pinions 8 each, and the balance 
wheel 15 : To find the numbers for the teeth of the wheels ? 

14400x8x9x8-i-S0=246760. The divisors are fourteen 2*, one 
3, and a 6. 

2x2=4x2=8x2=16x2=32x2=64) 

2x2=4x2=8x2=16x2=82x2=04 V Numbers for the wheel teeth. 
2x2= 4x3=lfX6=tflft.) 
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MakiBg tlie fluid idieel 60, and the fimrth wheel 64, it beoomet 
• finnth whed leooiidi nofemciit 

The befttt in an hour being lilOO, the pinions 10 each, and the 
bahnee whed 15 : Required the nunbera for the wheel teeth ? 

Vibntiona b a minute 840x6()xlOxlOx 10+30=480000. The 
dEriaon are eig^t 2", one 3, and fbor 5*. 



=16x5=80 ) 
=15x5=75 > 
^16x6=00.) 



3x5=15x5=75 > Numben for the wheel teeth. 



The beats in an hour 14400, two pinions of 13, and one of 10, 
the hafaoice whed 16: What must be the numbers for the wheel 
teedi? 

14400x12x12x10+82=648000. The divisors are six 2*, four 
3", and three 5". 



2x3= 6x3=18x5=90 > Numben for the wheel teeth. 
3x5=15x5=75.) 

The same aa the preceding, only the pinions here are all 12. 
14400x12x12x12+32=777600. The divisors are seven 2', five 
3", and two 0*. 

2x2=4x2=8x2=16x2=32x3=96 ) 

2x3= 6x3=18x5=90 [* Numbers for the wheel teeth. 
2x3= 6x8=18x5=90.) 

Slow trains are soitedonlj for box dironometers ; 14400 has been 
gcaenDj adopted ; and where the baUnce wheels have 12, 14, 15, 
or 16 tccch, numbers tar the teeth of the other wheels may easily be 
obtained. But with common numbers for the teeth of the wheels and 
leaves of the pinions, and a balance wheel of 13, the seconds hand 
cannot point in a r^ular order to the seconds, on the seconds circle. 
The nearest af^nroximation to this is by making the fourth wheel 74, 
and the balance whed pinion 8, the train would then be 14430, being 
240^ beats in a minute in place of 240. If we take numbers such 
ss are not dtogether impracticable for the fourth wheel, and balance 
whed pinion, the balance whed bring 13, wc can get 14400 exactly ; 
a fiiurth wheel of 120, and a balance wheel pinion of 13, will do this. 

The following shews the train of 14400, with fourth wheels and 
halaioe wheda, with their pioioM of different numbers. The fourth 

cS 
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wheel is divided l^ the faalanoB wWd pillion ; the quodoafty BMdfciiilied 
by double of the number in the bahmce wheel teetb> (pveft the beati 
in a minute. 

8)80(10 x2M(mlibthenBmberofth6baluoewheeld£24axC^ 

13)120(9e,V^% 240x60=14400. 

•14)120(84x28 240x60=14400. 

10)80(8 x30 240x60=14400. 

I0)75(7ix32' 240x60=14400. 

The beats 18000 in an hour, two fistoiiK #f 8^ gad oaa of 7» ^^ 
balance wheel being 15 : Required the numbers for the teeth of the 
whedb. 

VibrMaont in a minute 900x60x8x8x7H-3ft£:366MX). TW divi^ 
sors are nine 2% one 3, two 5% and a 7. 

2x6=10x7=70 ) 
2x2=4x2=8x2=16x2=32x2=64 > Numbers for the wheel teeth. 
2x2= 4x3=l2x5=60.> 

These numbers are suitable for a fburth whed seconds movement by 
putting 70 for the fourth wheel, but this makes the teeth to be rather 
fine ; and where fourth wheel seconds are not intended, it is in fkvour 
of the movement to have the wheels in the order of 7Q, 64, and 60. 

Although there are more examples given for finding numbers fbr 
the teeth of wheels than might be thought necessary,, it was judged 
proper not to set any of them aside that have been gfven. 

When the numbers of the wbed teetih^ and oi the pinion leaves, 
are known, the train or beats in an hour in either a clock or watch, 
19 obtained by muhijdyiiig the wbeds into one iDiother» and the pro- 
duct by the douUe of the somber of tcedi in the mug or bidance 
wheel, and this last product, divided fay the amotmt of <ke pimons 
muhipHed into one another, will give fbr the quodene th^ mimber 
of beats in an hour. 

Take for efxBxofit the wheels 7% 64» 64^^ and 16i» three piniona of 
8 each to find the train i 

78x64x64x83^94371 844^x8x8b::512 givea the tnuB 184981 

When the movement b fbr a fourth whedl secondii tbtt the train 
is got by dividing the fourth wheel by the balimce wheel piokm, the 

*TheniUnlKnliei«cftnbe7«tt4#D«wUAiidlTifiii|ftk»firftcita ^by% 



^uodnty Aukiplied bf doolila of the number of leelh in the balance 
whed, and then by 60» will gira the beau or irain in an hour. 
Lei the finvth whad be 80, the baUnce wheel 15, and ito pinion 8. 

Then dO^S=ilOxaOxeO=^lBOQO, the txain required. 

It majr be ohsenredy that the rule ibr findmg the train ii nearly 
the OQOTene of that tot finding the teeth of the wheels. And at the 
nomber which is deoompoaed into diviion ia the product of the wheel 
leech multiplied into one another ; tto thia again being multiplied by 
donUe of the number of the balance wheel teeth^ and divided by the 
train, the qnorient will be that number, whidi when resolved into di- 
viaors and properly arranged, will become numbers for the pinion 
Icavaa. 

It is erident, that if the number 9437184 be divided by the train 
ISISS, that the quotient 51S must be the product of the pinions mul- 
t^lied into one another. The divisors of 512 are nine 2% making 
duee aeU of 2x2=4x2^8, all the pinions being 8. 

The product of the wheels 96, Qi\ 75, and 32, the double of the 
balance wheel, being divided by the train 14400, the quotient will be 
1440, whose divisors are five 2*, two 3*, and a 5 ; arranging them will 
shew the pinions. 

3x9=4x3=12 ) 

2x9=4x3=19 > Numbers for the pinion leaves. 

9x5=ia) 

It ihsuita to be remarked, that it has been frequently the prae- 
laee, to pnt an odd mnher of teeth into the balance wheel, although 
the —tuw ef the scapement would have albwed one of an evennum- 
bsTp all odmr dreomatanoea being made to accord ; this seems to have 
arisoa fiam the eld crown wheds, whose Kcapement would admit no 
other nnsber hot an odd one, (as baa already been mentioswd in 

In aaofeasanta intended to give seeonds by the fourth wheel in a 
waldb or dmraesneter of any land, having assumed the train, and the 
m u nber of teeth in the balance wheel, nothing more is wanting than 
to find the nomher of turns, (and parts of a turn when there are any) 
that tha balanee irfieel must make in a minute, from which is derived 
the nnmber for the balance wheel pinion, and by it is obtained that 
fiv dia teeth of the fovth wheel. 

The oanbem for the teeth of the second and third wheels, and for 
^ AM md finnfth wkasl pinidoa, whatever they are, ought always 
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to give the revolutions of the fourth whed, to those of the second 
wheel in the constant ratio of 60 to 1. 

It may be thought unnecessary to mention here, that for this pur- 
pose the number of teeth in the second wheel should be eight times 
that of the third wheel pinion, «id those in the third wheel seven and 
a half times that of the fourth wheel pinion. Indeed it will be the 
same thing whether the greater number is put into the second or 
third wheel, provided the pinions be contained in these numbers 8 
times and 7^ times. If the number of teeth in the second wheel, 
when multiplied by those in the third wheel, and the product divided 
by that of the third and fourth wheel pinions multiplied into one 
another, have 60 for the quotient, they will then be in their proper 
ratio. 

Now to find the numbers for the balance wheel pinion, and the 
fourth wheel, in a fourth wheel seconds watch. As a first example 
in this wayy we may take the train of a common watch, which in 
general is 17280, the number of teeth in the balance wheel 15, and 
let the fourth or contrate wheel be supposed to make a revolution in 
a minute : It is required to find the numbers for the balance wheel 
pinion, and for the teeth of the fourth wheel ? 

Rule. — Divide the train by 60, the quotient will be the train or 
beats in a minute, which being subdivided by double the number of 
teeth in the balance wheel, will give the number of revolutions, (and 
fractional parts of a revolution when there are any,) made by the 
balance wheel in a minute. If the revolutions are composed of a 
whole number, then the pinion may at pleasure be any number, which 
when multiplied by the whole number in the quotient, will give the 
number for the fourth wheel teeth. But should the revolutions of 
die balance wheel be in whole numbers, and fractional parts of ano- 
ther, the denominator of the fraction determines the number of the 
pinion ; and the number for the fourth wheel teeth is obtained by 
multiplying the denominator by the whole number, to which the 
numerator must be added, making what is called an improper frac- 
tion, the numerator of which will represent the number for the fourth 
wheel teeth, and the denominator that for the pinion, as has been ob- 
served. The train 17280 being divided by 60, will give 288 in the 
quotient for the train or number of beats in a minute, and this sub- 
divided by 30, the double of the number of teeth in the balance wheel 
will give the number of revolutions and parts of a revolution, made 
fay the balance wheel in a minute, which in this case will give 944 
for the quotient, as thus, 90)S68(9f&, which ia the sane witb 9^, 
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the detKMniiiAtor 10 of the fraction r cpre a gnU the number totr the 
pioioo, and the whole number 9 being muktpfied faj it, and the num- 
ber 6 added, will give the improper fraction fvv of which the nume- 
rator 96 represents the number for the fourth wheel teeth. The 
fraction f S may be reduced to V » vbcre 5 represento the pinion« and 
48 the fourth wheel. Ten for the pinion may be thought too high^ 
and if we take 48 for the wheel, and 5 for the pinion, five may be 
thoogfat too iaw a number. 

There is, howerer, nothing impracticaUe here, whether the pinion 
10 or 5 be taken. 

Example 2d. Let 17400 be assumed for the train, and 15 for the 
balimce wheel teeth, what must be the numbers for the balance wheel 
pinion, and for the fourth wheel teeth ? 

17400+60=290+30=9^ or 9}, for the revolutions of the ha- 
lance wheel in a minute ; the mixed number, 9|» as it is called when 
reduoed to an improper firacdon, will be V ; the numerator 58 being 
the number for the fourth wheel teeth, and the denominator 6 for that 
of the pinion, 

Kxample 3d. Take the tndn 18000, and the balance wheel 15 : 
to find the niunbers for the fourth wheel and balance wheel pinion ? 

1800O-!-60=30O-f-30=lO, the number of revolutions made by the 
halanrp wheel in a minute, whidi being a whole number, any num- 
ber may be taken for thepnion ; if 7 is taken, then the fourth wheel 
must be 70; if 8 is taken, then the fourth wheel must be 80. 

Example 4/A. Let 18432 be assumed for the tndn, and 16 for 
the balance wheel: Required the numbers for the balance wheel 
pinion, and for the fourth wheel ? 

18432+60=307.^, or 907.2+32=9.6, the number and decimal 
parts of the revolutions, which would be made by the balance wheel in 
a minute ; the pimon here must be 10, and the wheel 96, as represent- 
ed in the improper fraction obtained firom 9.6 or 9i9=rS* 

Example 5th, The train 18000, the wheel 14? 

18000+60=300-^28=10;^, or 105= V. With the same train, 
and a balance wheel of 16, the fraction would be V* '^^ wheel be- 
ing 18, the fraction would be V* 

Example 6/A. The train 21600, the wheel 15. 
21600-1-60=360+30=12, and 12x7 taken here for the pinion, 
wiU give 84 for the foiuth wheel. 
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EMmpte ^th. The train 14400, the wheel 15. 
14400-s-60=240-f-30==$, takiiig 10 for the iMiii<m, and multiply- 
ing it by 8, giresSO for the wheel 

Eaftmple Sih. The train 14400, the wheel 14 ? 
14400-?-60=«4O4.28=8H, or 8A= W% or V ; fi* 18000, V- 

Ewample 9th. The same train as the preceding, with a balance 
wheel of 13P 

144O0-h60=840+26=9V^ or 9iV= '^' This is the only frac* 
tion that in this case can be obtained for a balance wheel of 13 teeth ; 
and ahhougli the mmibers are rather high, they are not quite imprac- 
ticable. 

It has been alleged by some, that with a balance wheel of IS 
teeth, it was impossible to constitute a box chronometer, and to have 
a train of 14400. An eminent maker has said that 18000 was the 
best tiltin for them, at the same time giving 13 teeth to the balance 
wheel in box chronometers, and 15 teeth to pocket ones : now a train 
of 18000, with a balance wheel of 13 teeth, cannot possibly be ob- 
tained, unless by using very high numbers for the fourth wheel, and 
also for the balance wheel pinion. What the numbers were which 
he adopted, we have not been &voured with, and are of the opinion 
that no other can give tlie triun 18000 but the following. The beats 
in a minute are 300, this divided by the double of 13, will give 
the revolutions and parts of a revolution which the balance wheel must 
make in a minute. 900-i-26=:ll47> or IlVy ; this reduced to an im- 
proper fraction gives it V/*. So that the fourth wheel must have 150 
teeth, and the balance wheel pinion 13 leaves \ and without these 
numbers, it is impossible to obtain 18000 for the tnun, the balance 
wheel having 13 teeth. 

Ewample lOth. The train 7S00, the baknce wheel 12 ? 

7200-f-60=zl20+24=5. Taking 12 as the number for the babince 
wheel pmion, it will require 60 for the fourth wheel ; a pinion of 14 
requires 70. 

The foregoing examples ajqply wholly to such movements as are 
intended for fourth wheel seconds ; but ev&i in movements where 
there are no fourth wheel seconds, numbers for the bahmce wheel 
pinion, and fourth wheel teeth, may be obtained, provided we have 
ihoM in the second, third, and bahuioe wheeb, and in the thnd and 
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firank wheel pniQBa» aki^g with the tMBiBd train. Lei theoomBioii 
taia cf 17»0 be MuiDed, tk» eeeond wheel TSp the thM 64, the 
helmee wheel 1&» end ^ lUid eni iairth wheel pinioBe 8 eadi : 
Be uuL e J the Mmihttr fiv Ae *»^^*^*^ wheel mnieB* end that fiir th^ 
fiMirth wheel? 

Rule. — Find how oMny eeoende the fiottrth wheel pbioii tehee to 
neke e renrfution ; firom this number of leoondft, celculete the train 
or nnmber of beau giren bjr the belanee whoel dofingthel tfane, the 
beeu beiiy divided by the dcmble of the mndwr of the behmee wheel 
teeth, the quotient wUl giTe the number of tuma (and fractional parti 
ef a torn when there are any,) made by the balance wheel in that 
time. 73xMh-8x6=:72, the fourth wheel then makes 72 revolutione 
in an hour ; the aeoonds in an hour are 3600-1-73=50, which is the 
■■iher of seooods for every revolution of the fiiurth wheel or its 
fouon; the tnuAin a minute, or 60seeonds, ia288. 

Then 80 : 286 : : 50 : 240, and 24O-i-30s8, the tuma made in 
50 seconds by the balance wheel or its pinion ; the fourth wheel must 
be 6ip and the bahmoe wheel pnion 8, which wUl be turned round 8 
times in 50 aeoonds. If the belance wheel was 14> then the pinion 
wodd be 7»and thefirarth wheel 60^ as 9404-98==8$sV. 

Let the train assumed be 18000^ the balance wheel 15, the second 
end third wheels 64 and 50, the third and fourth wheel pinions 6 each : 
If is r e4 u iie d to find the numbers fix the balance wheel pinion, and 
fiir the teeth of the fourth wheel. 

The fiNffth wheel, or its pinion, takes 48 seconds to make a ttyo- 
htiaa. Then as 00 ; 300 : ; 48 : 24O.|30t=8, the number of revo- 
hitioDS which the balance wheel takes to give 240 beats. If we take 
6fiir the piakm, the wheel will be 48, as 8x6s=48. 

Take as the Ust eun^: The train 18000, the bahmoe whed 
15, the second and third wheels 80 each, the third and fourth wheel 
piaioBs 10 eadi : Bequired the asmben fiir the balance wheel pinion 
snd firarth wheel feeedl P 

The firarth wheel pinion takes 56.25 seconds to make a rcvolu- 
lioft; then, as 60 : 800 : : 5&85: 281 .264-802=91375, or ft^ V — 
76 ia the anmbcr fiir the finorth wheel, and 8 fiir the bahmee wheel 



TraoM ht common watch movetoeatB, with bahmoe wheels of IS or 
11 teeth, are not readily made out, from the frequent recurrence of 
prime numbers, which are so high as to be un6t for the number of 
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teeth in any wheel. The following, however, are trains and niunbera 
for the wheel teeth, where the balance wheels have 11 and 13 teeth. 

The train assumed is 17160, the pinions 6 leaves each, and the 
balance wheel 11 teeth : Required the numbers for the second, third, 
and contrate wheels ? 

17160x6x6x6^22=168480. The divisors are five 2^, four 3% 
one 5, and a 13 ; when they are arranged, may stand thus : 

2x3=4x3^^1 2x5^=60 ) 

2x3=6x3=18x3=:54 VNombers for the w^ed teeth. 
2x2:=:4xl8=52j 

or the divisors can be so disposed as to give the numbers 65, 64, and 

4& 

-I ■ 

Should the train 17160 be thought too slow^ then take 17732, 
with pinions of 6 each, and the balance wheelll, and the wheel teeth 
wiU be 62, 54, and 52. 

Required the numbers for the wheel teeth, where the pinions are 
8, 7, and 6, the balance wheel 13, and the train 17160 ? 

17160x8x7x64-26=221760. The divisors give 64, 63, and 55 
for the numbers of the wheel teeth. 

With the same pinion and balance wheel, the train fixed at 17732, 
what must be the numbers for the wheel teeth ? 

17732x8x7x6-i-26=229152. From the divisors here are ob- 
tained the numbers 66, 62, and 56, for the wheel teeth. 

The pinions 8 each, the balance wheel 13, and 17732 the train : 
the wheels required for this are 88, 64, and 62. 

The jnnions 7 each, balance wheel 13, and the same train as in 
the last two cases : the wheels required are 77, 62, and 49. 

Numbers may be got that are nearer in proportion to one another 
than those in the last two examples : there would then be a fraction 
in the train ; but this might be considered as a thing of little or no 
consequence. 

The following are a few sets of wheels and pinions, whose triuns 
might be very admissible in practice. 
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WbMb. 


PbiOMb 


TniM. 


72, 00, 56, la ■ 


- 7.7.7 


. . 183371; 


70, 60, 64, la . 


ditto 


- - 17191 U 


70, 60, 55, la - 


ditto 


- - 1751S/,V 


74, 56, 56, 1& . 


ditto 


- - 17500$ 


74s 56, 55, la . 


ditto 


. . 1727611 


74, 56, 54, la . 


- 8, 7, & 


. - I73I6 



A bdbiioe wheel of if nuhcr an uncomiiion thing, bot» if e very 
flat verge wEtch was wEnled» the train I7I6O may be tEken, the 
puuona being 6 each ; then, in thii caia, the wheek 66, 60, 62, and 
9, will give the train here aaenmedo 

^hen a watch movement does not shew seconds by the fourth 
wbed, it is requisite to know the time that the fourth or contrate 
wheel takes to make one revolutioii ; for, knowing this, the watdi can 
be EMire speedily regulated or brou^ to time. 

Having the numbers of the teeth in the seocmd and third wheels, 
and the number of leaves in the third and fourth, or contrate wheel 
{■nions, it is easy to find the number of turns that the contrate wheel 
must make fiir one turn ef the second or center wheel ; and the time 
that the center wheel takes to make one revolution being an hour« 
from thu can be found the time that the contrate wheel takes to make 
one revolution. 

The numbers of the second and third wheel teeth, in a common 
watch movement, are 54 and 48, the third and contrate pinions are 
6 each ; then to find the revolutions that the omtrate wheel or ito 
pinion must make for one revolution of the second wheel :— Atilf , 
Multijriy the numbers of the second and third wheels into one ano- 
ther, the product divided by that of the third and contrate wheel 
pinions will give, (oft quottent, the number of turns that the contrate 
wheel or its pinion must make tar one turn of the second whoeL^- 
54x48=(2698)-i-6x6=(96)=:72, the number of revolutions which 
the contrate wheel must nmke in an hour ; if 3600, the number of 
seconds in an hour, be divided by 73, it will give in the quotient 50 
tat the number of seconds that the contrate wheel takes to make one 
rrvolntion. 

The wheels 72, and 64^ the pinions 8 each ; how many revolu- 
tions does the contrate or fourth wheel make in an hour« and how 
Buuiy seconds are taken in each revolution ? 

72x64=:(4606)-t4x8=(64)=72. the number of turns in an hour; 
sad 3600-4-72=50, the number of seconds that each revolution takes ? 
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-»The wheels 70, and 64, the piiions 8, give 70 fin* the number of 
turns in an hour, and 51.43 seconds, the time taken fbt one revolu- 
tion. — The wheek 54, and 00, die pinion 6 ; l)ie revohxtions 75, the 
time 48 seconds to elU:h. — ^The wheek 75 and 64^ Ae pinions 8, give 
75 revolutions, and the time 46 seconds. — The wheels 75 and 64, the 
pinions 10 and 8, give 60 revolutions each in anazrate. — The wheels 
54 and 52, tihe pinions 6, give 75.22 Tevoludons ; 47.86 seconds in 
time. — The wheels 80, and 64, the pinions 8, give 80 revolutions ; 
tlie tisne 45 seoonds eaeh. A watch movement may come from the 
mi&er with hs wheels alid pinions pnqperly adapted fiir the train in- 
tended ; but this may be rendeied of m avaU, unless the finisher 
takes the trouble to compute what number of teeth the balance wfaed 
should have. It has happened (though rarely) from a want of atten- 
tion to this, that a balance wheel has been cut 13, in piaee of 15, 
mddng the tnnn 15090 faisteisd t)f 16000. 

A center secondi watdi whose tnAi tms 14400, which is by ftr 
too slow for a pocket watcih, and therefbre it was necessary to have 
it altered, and made qnidter ; and liere thest^ lay some Afllculty, 
owing to its having center seconds, and more particulaarly so when a 
jnnion of 7, and a iMdanoe wheel of 14 is wanted : by the fonott 
method, dns process required tb be frequendy gone orer in conse- 
quence of wiudi we took a process by andyrtB. 



Isif Supporijig the balance wheel te have 14 teeth, and to make 
10.6 tuns in a aiuHitei then, 

14xS^:;S8xia5s:894 the beats in a minute. 
This multiplied by - 60 the minutes in an hour, 

gives ... 17640 i£he train or beats in an hour 

Again^ multiply by the {anions 448 that is 8x8x7=448, 

gives fi]ir product 7908720 Vtcm this deduee numbers 

for the wheels, 

M m 

70)7902720(1 128»6(l764(a6 

Then with the wheds 70» 64, 63^ 14, the pinions 8, 8, and 7, Ae 
train will be 17640 ; and if the leading pimon on Ac balance wheel 
pinion arbor be 8, this, multiplied by 10.5, will give 84 for the teeth 
of the center seconds wheel, which will be carried round once in a 
minute ; or the leading pinion may be 6 if the wheel is 63. 
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SdL Whed8 70,6i,<»,15; piniimt 8, 8, 7 ; tninlSOOO; lead* 
m^ pinkMi being fi, 7, or 8. Tht «eoBds vhed will be aocordiD^y 
60^70, or 8a 

Ten tKum ot the belmce vbeel in a minute givet 300 beale, sad 
ihifl mufc ip ii cd by 60^ ibe minalci itt «i hoar, girm 18000, ibe beats 
in an hour. 

30xlO=s300xflD=:18000 
Moliipliadl^lfaeFrodactoriheianioni - 448=8x8x7 

8064000 
64 JBO 

8O>a064000(ll£a00(1800(aa Hm the wfaaeli are ai above, and 
aQ» iha double of 15, the miaber of the Iwlanoe wheel teeth. 

3d, flBxll:=308x60=rl8480 

If aUfJied fay the gndrnt of iha piaione - 448=8x8x7=448 

8279040 
66 64 

70)8879040(118272(1792(28. Here the wheeb are 70, 66, 64^ 
and 28, die double of 14^ the number of the balance wheel teeth ; 
then a pinion of 7, leading a wheel of 77, will turn it round in a mi- 
nute. 



CHAPTER III. 

Of Dial Wkeek or Motion Work, Ltngth nf Time tif Going mih- 
out WmJmg Up ; and of ike Traina for Three Pari Clocks^ 
Auch oi ihoee which $Mke Qunrien of ihemeehes^ or give 
Ckme$ or Tunee as Mtmeal Ctocin do, 4^. 4^. 

To ihow how to compute numbers ibr the teeth of thoee wheeb and 
pinions, whidi constitute what is commonly called the Dial or Mo- 
tion Wffk of a dock or watch, may aram unnecessary, yet to asdst 
those who may not hare had practice in this way, a few examples 
shall be giTSD. The canon pinion which goes ipring tight on the 
arbor of the oealer or second wheel, prolonged a little above the sur- 
face of the dial, carries the minute hand round the dial in an hour. 
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If the number of teeth or leaves that it contains be multiplied by the 
number of teeth or leaves in the minute wheel pinion, and with th6 
product, divide the product of the hour and minute wheels multipU* 
ed into one another ; the quotient should thai be 12, equal to 12 re- 
volutions of the canon pinion and minute hand, or one revolution of 
the hour wheel, and hour hand. 

Suppose the canon pinion to have 10 leaves, and the minute pi- 
nion 12, these multiplied into one another will be 180 ; in this case 
the hour wheel must have 36 teeth, and the minute wheel 40, which 
multiplied into one another produce 1440, and this divided by 120 
gives 12 for the quotient, equal to 12 revolutions of the minute hand, 
and one of the hour hand. Taking four times the number of the 
canon pinion, will give that of the minute wheel, and three times the 
minute pinion, will give that of the hour wheel. If the numbers of 
the two pinions are assumed, they will lead to the numbers of the two 
wheels, unless they are such as to bring in fractional parts into the 
numbers of the two wheels. In the case where the canon pinion is 
10, and the minute pinion 12, their product 120, multiplied by 12, 
will give 1440 ; this divided by prime numbers, as was done in the 
case of finding numbers for the wheel teeth in movements, will give 
divisors when right arranged; to produce number^ for the teeth in 
the dial wheels. The divisors of 1440, are five 2", two 3*, and a 5. 

2x2=4x3=12x3=36 I N^*°^^" ^^' ^^ ^^^ ^^ ^® ^^ wheeels. 

Twelve being the number of revolutions of the canon pinion and mi- 
nute hand, for one revolution of the hour wheel and hour hand, be- 
comes the constant nimiber, by which the product of the canon and 
minute pinions is multiplied, in order to ascertain numbers for the 
teeth of the hour and minute wheds. 

Let the numbers assumed for the canon and minute pinions be 12 
and 14, these multiplied into one another will produce 168, and this 
again multiplied by 12, the constant number, will give 2016, whose 
divisors are five 2*, two 3", and a 7* 

2x2=4x2=8x|=16x3^g| ^^^^^^^^ {^^lH::^ 

If 14 was taken for the canon pbion, 42 and 12 for the minute 
wheel and pinion, the hour wheel 48, the ratio would be the 
that is, 12 to 1 . 
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Ijtt the cmaa pimon be 14, and the minute wheel pinion 16 : lie- 
qiniTcd the nambot for the teeth of the minute and hour wheels ? 

14xl6x 11=9088, whoie diriaon mre seven 2", one 3, and a 7- 

SxS=4x2:= 8x7=56ul ^ . , . ^ , ^ j 3Iinuiewlif«L 

«X«=S2^Xtel6xfeS! }^ ""^'^ fur !».• U«h of the I „„„, „.,^, 

Although not to direct a method at breaking the number down by 
it may be seen that 2688 is dirisible by 4S into 56, or rue 
When this is obnous, recourse need not be had to getting 
tke number of the teeth by diTisors. 

In the case of a common eight^y seconds clock, it may be seen 
the nonber 3840 is divisible by 60 into M^ whicli were the num- 
goC far the wheel teeth from the divisors in breaking it down. 
where a number is high, such as 124416, got from a train of 
I7S8O9 it requires to be made into divisors : The wheels here arc 54, 
4S, and 48, which, when multiplied into one another, will give 
124416^ and this, if divided by 54, 48, and 48, will leave no re- 



Let another example be taken for dial wheels, where the canon 
ia 18, and the minute wheel pinion is 20 : What roust be the 
iben br the teeth of the minute and hour wheels ? 



I8x^x 12=4320. The divisors are five 2", three 3\ and a five. 

2x2=4x2=8x3=24x3=72 ) -^ ^ •-. ^ .^k r * .1 • ^''n"** ''^^' 
2x2=4x3^13x5=60 / »"»**' *^ •^^ '** *»•• \ H«mr dittii. 

The dial wheels which are used in the Stogden repeating motion 
woric of a repeating watch, consist of a lantern or canon pinion of 4, 
lading a wheel of 48, on which is the hour snail ; concentric with 
b a wheel driving the hour wheel, both bein j of the same dia- 
and number, which is usually 35 or 36. Tlie dial wheels of 
a eommon eight-day clock are somewhat similar to those in Stogden 
notionay only put in a reverse order. Two wheels, of equal diame- 
ter and number, one of which is called the minute pipe wheel, and 
has place of that of the canon pinion, the other is the minute wheel, 
having usually a pnion of 6, 7, or 8, leading the hour wheel, of 18 
times the number of teeth to that of the pini(»;ijcading it, which 
nmnber may be 72, 84, or 96, according as the minute pinion is 6, 7« 
er8; the minute wheels have usually 42 teeth each. 

To find bow long a clock or watch will continue to go, before re- 
quiring to be wound up, the number of teeth in the firKt or great 

D 
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wheel, and the number of the pinion which it diiyes, must be known. 
The number of teeth in the great wheel of the going part of a com- 
mon dock is for the most part 96, and the number of leaves in the 
center or second wheel pinion which it acts in, is 8, and makes one 
rerolution in an hour ; so, consequentlj, it must make 12 revolutions 
for one of the great wheel, as 96, divided by 8, is eqpud to 18. Two 
revolutions of the great wheel is then equal to 24 hours, and 16 turns 
or revolutions of the great wheel and barrel will be equal to 6 days. 
The diameter of the barrel must depend on the inside length or 
height of the case where the weight fidls. 

In a common watch, the number of leaves in the second or center 
wheel pinion is 12, and makes one revolution in an hour, the num- 
ber of the great wheel teeth which drives it being 48 ; fiw one reto-^ 
lution of which the second wheel pinion must make four, equal to 
four hours, the great wheel turning with the fusee having «^eii nA 
a half turns of a spiral groove cut on it ; 7^ being mult^lied by 4^ 
will give the length of time which the watch will go before it requires 
to be wound up. 7' multiplied by 4, is equal to 38, the half turn is 
equal to two more, making in all SO hours that the watch will go be* 
fore it can be run down, or require to be wound up ; but the #incKng 
up of a watch is done regularly, or as neaxly soas may be, at the end 
of every twenty-four hours, bdng a more regular kind of period, andf 
at the same time, taking the power of the main spring more at an equa- 
lity of force. 

Hoon. 
For the clock the ratio may be put thiw 96-s- 8a=li X lfc«19S > mj^ ^^^ , ^j. 
For the watch the ratio may be put thus 48-$. 12= 4 X 7-5 ^ SO ) ^ 

•When a dock is required to go a month, or 32 days, it must have 
an additional whed and pinion to that of the eight-day dock Hit 
center whed, (or second in ordinary,) becomes the third whed in 
the movement. In S3 days there are 768 hours, and to find the 
numbers for the teeth of the great and second wheels for a dock 
to go that time, the numbers for the pinions of the second and center 
wheels must be known, and the number of revolutions to be made by 
the great wheel, which must always be equal to the number of turns cul 
on the barrd. If we assume 20 and 16 as the numbers for thepinions» 
and 16 for the revolutions of the great wheel and barrd, each turn is 
then equal to 48 hours, we can from these get such a number, that^ 
when decomposed into factors or divisors, will give sets to produce 
the numbers for the teeth of the two wheels. The rule to find the 
number to be decomposed, is . Multiply the piniohs into one ano- 
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and the prodnct by dw awnber of boon that the first or gieat 
wlied takcf to make one reroluiioo ; thia last product will be the num- 
ber which b to be dec o mpos e d. 

SOxl6x48=15980. The dirinon are ten 2», one 3, and a 5. 
9xS=4xS=8x2=iex^=9SX«=64x2=: IS8 
2XS= 4x9=5 8x3^24x5=120 

Tlie number 120 majr be taken for the teeth of the great wheel, and 
12B for those m dw aecond wheel : as a proof, let the number 15360 
be diwided bj any one of the numbers 128 or 130, it will shew itself 



XM the numbers assumed of the two pinions be 24 and 20, the re- 
fvhttims of the great wheel and barrel 16, each being equal to 48 
the time which the clock must go is then 32 days : hcnoe to 
the numbers for the teeth of the great and second wheels ? 



94X20X48=29040. The dirisors are nine 2*, two 9', and a 5. 

Ix*-4xf»axa-i6xas48xa=u4) 
txi«4xf-iaxa-i6xs»9sxa<-iaof 



??? ?-1 ?<?=??<?-?•>< ?-!!X?=!inTW«-*«*««wu^«ru«{?^^^ 



Mo dock ought to go longer than a month, or 32 days ; yet, if it 
b mfuiied lo make one go for six months, or 200 days, the center 
wbeel, in a movement fit tor this purpose, will become the fourth 
wbcd. To find the number for the teeth of the three wheeh, assume 
90, 16^ and 12, for the numbers of the three pinions, the barrel bav- 
lag 16 turns, to find the time lor one revolution of it and the great 
wheel : 900 days, divided by 16, the turns on the barrel, will give 
twelve days and a half finr each revolution of the great wheel ; twelve 
a half days, reduced to hours, will give 300 hours for each rcvo- 
of the first or great wheel ; 900 hours being multiplied by the 
prodn ct of the pinions multiplied into one another, will give such a 
', when decomposed into factors or divisors, that sets of them 
be ebtdned to represent the numbers required for the teeth of 
ftadneewhedaP 



99x16x19x900=1 152000. The divisors are ten 2*, two 3% and three 
K 

9x91^4x93^1x9=16x6= 80) ^GmiwWL 

9b(9E3#xa098xS3s94X&=19O > The a»bcr fgr ih«i t^th nf tbt^ H«ic«tt4whc<4. 
9x9=4x9=8x3=34x5=120) ( Tkird whrcL 
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As a proof of the operation^ divide 1162000 by 80^ and the quotient 
by 120, the next quotient will be 120. 

As in the last example : a clock with three wheels, going 200 days, 
and the barrel making a revolution in 300 hours. Suppose it was 
resolved to have this performed by two wheels and two pinions, one 
of 12, and the other of 10 : Required the numbers for the teeth of 
the two wheels ? 

12x10x300=36000. The divisors are hve 2% two, 3% and three 6'. 
2X2=4X2= 8x5=10x5=200) (becond wneei. 

What are called month clocks, are supposed to be wound up on 
the first day of every month, for which reason they are commonly 
made to go 32 days, or a very little longer. It may be said that it 
is not easy to remember or attend to the first day of every month, by 
this day having (or falling on) no regular or fixed day of the week, 
and that it would be better if the clock was made to go so as the 
winding up could be done on the first Saturday, Sunday, or Monday 
of the month, which at first sight seems to have some sort of order in 
it ; but the intervals in this way are of very difierent lengths : four 
of these would consist of 35 days each, and eight of them of 28 days 
each ; therefore, in order that the clock may suit this time of winding 
up, it would require to be made to go, at the shortest, 36 days ; this 
however would be lessening the force in the inverse ratio of 36 to 32. 
An astronomical clock, or regulator, to go 32 days, will be after- 
wards described. In making one to go 36 days, we must have 
a great wheel of a higher number, and the barrel a little less in 
diameter. To make a clock go 36 days, many ways may be adopt- 
ed : the following is perhaps as good a plan as any : Suppose the 
case for this clock to be in length, from the inside of the bottom 
to the center of the dial, 5 feet 4.7 inches, the pulley, if the seat- 
board is of cast iron, will come within 4.5 inches of the center of the 
dial, (one of the sides of its square being 12 inches,) and allowing 8 
inches for the length of weight and pulley, will make 12.5 inches to 
be taken from 5 feet 4.7 inches, leaving 4 feet 4.2 inches ; and, as 
the dock goes with a pulley, the double of this is 8 feet 8.4 inches, 
or 104.4 inches. If we divide 104.4 by 17*5, the number of turns 
proposed to be cut on the barrel, it will give 5.96 inches for each 
turn, which is so near to 6 inches, that we may take it for the cir* 
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nimferenoe of the buTel, the diameter by the common proportion ; 
355 to 1 13 will then be found to be as near as possible 1 .91 inch. 
In rigid calculation, the diameter 1.91 must be lessened by the dia- 
meter of the gut, supposed here to be .050 of an inch ; this, taken 
from ].91» leaves 1.860; but as the groove or screw which is cut on 
the barrel for the gut to lap round on it, diminishes the diameter^ 
whatever this is must be added to 1.860 ; take one-third of the diame- 
ter of the gut for this, which is .016, and this, added to 1.860, makes 
1.876. The difference between 1.91 and I.876, is so little as to be 
of no consideration ; it b now however on the safer bide. 

llie length of the barrel between the ends may be determined thus : 
The diameter of the gut being taken at .050, multiplied by 17-5> the 
number of turns proposed to be cut on the barrel, will give .8/5 of an 
inch ; this allows no freedom for the gut to lay on the barrel ; there- 
fore, to have some degree of freedom, let the diameter or room which 
the gut ought to have, be taken at .070 ; this being multiplied by 
17*5, the product will be 1.225 inch for the length of the barrel be- 
tween the ends, which is so near 1.25 inch, that it may be taken for 
the length. If the great wheel is to have 150 teeth, and that they 
should have the same strength as those in the wheel 144 teeth in the 
first plan, the diameter must be 36679 say 3 inches 6 tenths, and .67 
of one-tenth of an inch ; the great wheel here, in place of going round 
in 48 hours, as by the wheel of 144, will require 50 hours ; and 50> 
multiplied by 17.5, the number of turns on the barrel, will give 875 
hours, or 36 days 1 1 hours, for the weight to fall before it can be 
wholly run down in the case. 17*3 turns is equal to 36 days; the 
pinions being 24 and 20, and the time of one revolution of the barrel 
being 50 hours, from these may be deduced numbers for the wheel 
teeth. 

24x20x50:=24000. The divisors are six 2<, one 3, and three 5\ 

2x2=4x2=8x2=16x2=82x5=160 ( « s«ondwb*eL 

• 

Spring clocks have seldom been made to go longer than eight days, 
yet, by judicious arrangement of the wheek, they could be made to go 
a month, or longer, if such a thing was wanted. The great wheels 
are commonly made smaller in diameter than what they ought to be, 
(consequently the teeth are too fine,) having 06 teeth acting into a 
pinion of 8 ; enlarging the diameter would no doubt require larger 
frame plates, which might easily be adopted. The disadvantages at- 
tending first or great wheels of a small diameter, are, the force of the 

V3 
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main spring acting strongly or forcibly in ptchhig, where tiie teeA 
have no great deplSi of hold on the pinion ; and in cases of A^ioiee 
(itmhy gut, oir spring breakiligy the ^dden jerk bad^wards of the gretft 
%heel is frequently apt to break not otily the second wheel pinion, 
bttt also to strip the great wheel of 6ome of itfi teeth. The forte of 
the spring in a spring-clock barrel, is gitoter than that of the weight 
usually hun^ on at oomnion dght-day clocks, whose gteat wheel teeth 
toe stronger than those of the great wheels in spring clocks, which are, 
however, commonly made a little thicker than the others, fbr nib 
purpose of ^ving strength to the teeth ; yet this is not altogethi^ 
adequate to the end required. The length of chidn, ot gut, which, 
measured or lapped round a fusee of 16 turns, when appfied round l3ie 
barrel, measures six turns and three quarters on it, Aews that th6 
fipnng ought to malke about nine turns and a quarter in the barrel, 
\rhich will allow to set up (or bend up the sprmg as it is caDed,) on^ 
turn, or one turn and a half, leaving, ^at is litde enough, one turn 
imbent, in ordor hot to strain the spiring, which might cause ridt <^ 
breakihg it. 

In flat watches, the movemeiit caiinbt ildmit the height of the fitsee 
to have seven turns and a hdf on it, as in the common sort, because 
ibis would r^u3re the fhsee chain to be so thin, that it would not have 
%trengdi to n^ist the force of the main spring, and, dierefore, liable to 
be broke, k circumstance which from this cause very fteqtiently takes 
^kce ; ^eri^dre, to prevent such accidents, a less number of turns, 
such as five or six, should be cut on the fiisee, so as to allow a& vtrotag 
a chain as may be. The second wheel pinion, in place of being one 
of 12, might be of a less number, and that of the ^reat wheel in> 
creased, in order that the watch may go 30 hours hefore being run 
down ; or, if the pinion is required to be one of 12, this will require 
the number of the great wheel teeth to be still more increased. 

Suppdse the second or center wheel pinion to be 18, and the fusee 
to have six turns and a half cut on it : Required the number of teeth 
for the great wheel, so as the watch will go 30 hours ? Take the pro- 
portion of the common watch, where the fusee has seven turns and a 
half^ the great wheel 48 teeth, and the pinion 12, which is the same 
as in the exiodtfle taken, and say, as 6.5 : 7.5 : : 48 to the nuttber of 
teeth required, it is evident that a greater niunber than 48 is requir- 
ed, so that 48 must be multiplied by 7.5, and divided by 6.5, the 
quotient will be found to be nearly 55.4, as a number fiir the teeth df 
the gredt wheel ; but this being a fractional number, and impractica- 
ble in wheel teeth, the great wheel may be made 56 ; this, divided by 
the pinion 12, will give for quotient 4.06 hours for one revolution ctf* 
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^ gmt vlMel; vImi this it miiltipiied by IkS tunu made by the 
nheri and fiuee, it wiU give S0.29 hours for the time that the 

The moBbsr ibr the great wheel teeth laay be found by another 
viy. Whatever is the number of turns proposed for die fiisee to 
hare, by it divide 30, the number of hours which it is intended the 
wateh shall run, the quotient will be such a number, that when the 
•■■ibsr ef the saeond vheel pinioii is nulttplied by it, the product 
«in be die —mher ftr the teeth of the gmit wheel. For example, 
kt the number of turns on the fusee be 6, and the number of the 
saesad wheel piiwm 14: to find the number of teeth that the great 
wheel most knre, so as the wateh shall go thirty hours ? 

XMksSxlisTO, theanmbsr of teeth which the great wheel must 
hare. 

ifk is pswptsedfer the seoond wheel pinion to be 10, and the fttsee 
tshnreStons: What is tfe nnmber of teeth that the great wheel 
sngltt to faapve, eo as the wntch dmil go 30 hours ? 

9»% e^iS xlOz=M. The mmsfaer ef teeth for the gseat wheel. 

The fusee to have 5 turns, the second wheel pinion 10 : Required 
the mosberfor the pent wheel teedi ? 
3IKi4ka6xlO=a6a The number for the teeth of tbe fpcat wheeL 

When flat watches have haen required, the movement is sometimes 
made without a fiuee, and in its place is introduced a iar^^ toothed 
bsidyin onder to admit ef a thick and sufficiently strong spring, the 
banslhaving agsaat number ef teeth, and the center wheel pinion a 
nnmher; no as that the firing, the barrel teeth, and the second 
wheel pinion, may CQBtnbute as muoh as possible to give 
Ae maleh an eqaaUe power doiiqg the time of running out the 30 
hoom or a littlemore. There is an economy (if the eiqmssion may 
bevnod^ made with the main spring, by means of a fusee, which 
makfls icsne^ pnxt of the spring more eflEnctive, than where a fusee is 



A Jew mose enasples may he given to find the numbers for the 
gnat wfaad teeth. 

it is p n upu ae d that theitiaee is to have 7 turns, the second wheel 
psDOM Ifi, and that the wateh shall go 30 hours : Bequired the num- 
ber of the teeth for the great wheel f 

Tht faauB 80, being divided by 7, the proposed number of turns 
for^ fiiaae, Jfae qnetient is 4.3 nearly ; A6, the nnmber of the le- 
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cond wheel pinion, being multiplied by it, gives 68.8 as the nmnber 
for the great wheel teeth ; but, being a fractional number, it cannot 
be used as a number for wheel teeth. The wheel, however, may be 
cut 68, 69, or 70, as either of them will be near enough. 3(M-7= 
4.3x16=68.8, which may be called 69, for the number of the great 
wheel teeth. 

The fusee to have 6^ turns, the second wheel pinion to be 14^ and 
the watch to go 30 hours : Required the number for the great wheel 
teeth? 

30 hours, divided by 6.5, the turns, the quotient is 4.616 nearly, 
which, being multiplied by 14, the pinion, gives 64.624 for the 
wheel teeth ; 65, or 66, may then be taken, as 64.624 is a fractional 
number. 30-4-6.5=4.616x14=64.624. 

In a box chronometer, where depth of room, and great height of 
ftisee can be easily got, let the fusee have 10 turns, a second wheel 
pinion of 20, and the time required it should go before being run 
down, 40 hours : Required the number of teeth for the great wheel ? 

40-^10=4x20=80. The number of teeth. 

In a box chronometer, the ftisee to have 8 turns, the second wheel 
pinion 18 leaves, and the time it must go, 40 hours : Required the 
number of teeth for the great wheel ? 

40-»-8=6x 18=90. The number required. 

Box chronometers are sometimes required to go eight days, a length 
of time by no means in their favour ; and some address is required to 
plan out a movement of this sort, so as it shall be well suited fcnr the 
purpose. As in an eight day spring-clock, the fiisee may have 16 
turns, the great wheel 96 teeth, and the second wheel pinion 8 
leaves, which will make it run eight days ; but it would be better to 
have two wheels in place of one, and two pinions, each of a greater 
number than that of 8. The hours in eight days are 192, which, di- 
vided by 12, the proposed number of turns for the fiisee and great 
wheel to make, will give 16 hours for each revolution ; the pinions 
being assxmied at 24 and 20 : Required the numbers for the teeth rf 
the great and intermediate wheels ? — Observe, that the intermediate 
wheel is the second, the center or second wheel in common now be- 
comes the third. 

The product of the pinions multiplied into one another, bdng 
multiplied by 16, the hours for one revolution will give such a num- 
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ber. Hut, when deoompoted, the diTiaon am be formed into teta fi»r 
the numben of the teeth required in the two wheels. 



9ix9OxlO=:708O. The diriMrt are nine 2>, one 3, and ft 5. 
2x3=4x3=8x2=:16x2=32x3=:96 i i dmo. 



The preceding Rules, and examples given of them, it is presum- 
ed, may be of some use to either the clock or watch movement maker. 
When movements come into the hands of the^nMAer, the wbeek 
and pinions are made ; therefore, a few examples, although very sim- 
ple, shall be given, in order to know what are the numbers requir- 
ed to be cut on a watch or clock, fusee, or barrel In a watch 
movement, the great wheel having 60 teeth, and the second wheel 
pnion 10: Required the number of turns to be cut on the fusee, so 
as the watch may run 90 hours ? The great wheel 60, divided by 
the pinion 10, the quotient is 6 ; and 90, divided by 6, gives 5 for 
the number of turns requred. For 60+10=6, and 



The number of turns which a spring should make in the barrel, 
depends on the number of turns made on the outside of the barrel, 
measured by the length of chain which fills the groove on the fiisee. 

Suppose a chain which fills the fusee measures finir turns on the 
harrel, then the spring ought not to make less than six turns in the 
barrel If the chain which fills the fusee measures three and a half 
turns on the barrel, the spring should make about five turns in the 
barrel Having met with some who were bred to the business, 
as they said^ yet did not know even this plain and simple rule, 
which may stand as an apology for its insertion here. 

The train of the striking and quarter parts of clocks may now be 
taken into consideration, as wdl as that of the runnerty as they are 
called by the movement makers, ihat is, the wheels in the repeating 
parts of watch and clock repeaters. 

The striking part in an ordinary eight-day dock, has 84 teeth in 
die great wheel, 56 in the pin wheel, 4B in the tumbler wheel, and 
42 in the fly wheel ; the pinions are one of 8 for the pin wheel, one 
of 7 for the tumbler wheel, and two of 6 each for the fly wheel and 
fly. The fly here makes 56 revolutions for every blow of the ham* 
mer, and eight blows for every revolution of the jnn wheel, which has 
Qf^ lifting pins in it, while the tumbler wheel makes one for every 
blow. The tumbler and fly wheels being multiplied together, and 
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the product divided by lihe product of dbe 'ly and fly irhed pinions 

multiplied into one another, the quotient will be SG^for^—^zxSG, 

the number of tuma which the Ay makal br tvery blow of the hM- 
mer. 

In common, the great wheels have been made with 64 teeth, in 
case of the clock when made to repeat or strike the hour which it last 
struck ; and this was done to prevent the striking part from running 
sooner down than the going part. But when the dock is allowed to 
strike only of itself, a wheel of 84 is not necessary, providing the bar- 
rels in both the going and striking parts are made of equal diameters. 
The number of blows given in 12 hours is 7B, for if tfie first Uow 1 
at the one oVlock hour, is added to 12, the number of blows given al 
the twelve oVlock hour, the sum will be 13, and t^ multiplied by 
12, the number of times the hours are struck, the half of tins sum 
will be the number of blows struck by the hammer in twdve liours. 
tot 12+l=13xl2=15&4-2=78. or 6^ taken as a mean term to 1 
and 13 ; then 12 midtiplied by 6i will j^ve 78- 

The great wheel then may have 7^ teeth, the pin wheel pinion 
^A6^ it drives being 8, the wheel having 6 pins for ndnng the ham- 
mer tail, it iriniie seen, thiat the jmi f/heA most rabe the Ita&naer 
tail 78 times fbr one revohition of the gieatwtiod. Theipreatwhecl 
Y8 being dividisd by thfe pin wheel jnnioti 8, iSie quotient wffl be 9}» 
the ntmlber (^ttrms and parts of a turn, whidi Ae pin whed makee 
Ibr one revolution of the great whed, winch mnkipKed 1>y 6, the 
number of pins in the pin whed, the sum will be TB : For V^-T^9 
«md 9.75x8=78. Ilie advantage, thou^ not Tory great, is -en Ae 
mde of fhe wheel of 78, i& die inverse ratio of 84 to 78. 

The wings or vanes of the fly by resisting the air in its revolutions, 
VStiA to n^ulale Ae motim of ^mBdng ^htek nrhen lifting the hm- 
itMUr, odietirise 'tib^re w^ulA be«ii «ccel«ratioii nism atrikkig ihekiig 
liour, (twdve,) whiBcalled^^viUdi would easily be |peroevved hfibm 
ear. The wings of the fly are commimly made too thin $ weiethej 
10 be made ihick«r,it would jgfve the % aclegne of aiomentum to 
scarry forward 4he wheds a%ttle, in case of sny temporary leaitanoo 
from Hiid^ oil or such Kke ; and, ift Mderthatthe %8hoiild act both 
IB desisting the air, and, at Aesame time, to hsve a tendency tocarry 
tlM wheels forwttd ; Aeflypjuon in its siae sbould be made a mean, 
to that of driving and bdngdriven. When nicety is aimed at, the 
tNin of the wheels -should be redutfed, and the wings of the fly a goad 
deal intended, making ils levriutmaoutindeof tiie^(ime,.Tllacedcoiii» 
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Mkind the piDir plale, at is •ometimet done with the fly, to 
none or qiisrtcT parts, fimitiiig the nanfcer of rerolutions to ten, or 
ft doKD, or a rery little more, (in place of 06) finr ererj blow of the 
hammer. In turret clocks, we hare reduced the rerohitions of the 
tj to three or four far erery Uow of the hammer. 

Striking parts can be regulated by means of an escapement and a 
peBdnhm, the teeth of the wheel which lifts the hammer tul serring 
far scaping with the pallets, no train of wheels and pinions being be- 
yond that of the lifting wheel. A lifter, having at one of its ends a 
spring jointed piece (or nags-head joint,) which IoAm the pendulum 
hj the end of die rod, when die lifter is disdiai^ at die hour, and 
ftDing down, it gives liberty tor the pendulum to vibrate while the 
doA is striking ; at die last blow of the hammer, die lifter being 
raised up when die pendulum is very near the extremity of iu vibra- 
tion, it passes die nags-head joint, but in re tum ing it is locked and 
cannot pass, untQ the hour is again at the discharging of die lifter. 

xhe mechanism Te^[iured here may be greater peniaps than any 
iJfmrtag e dmt can be gained by It Reducing the train of the wheeb 
asmadl asmay be, and ^^iring extension and momentum to die fly, ap- 
pearto Ik die best means to regidate the strikii^ parts, and lessen Ae 
i ni a m ee df oQ on die pivots ; where the tndn is great, and cold wea- 
itt tiiidLcning Vie oil, docks and repeating watches are very apt to 
sisflee so slow, diat it becomes dreaome to attend to the number of 
Hows wUdi are to be made. Adopting in common eight-day docha 
ft principle very proper Ibr a hammer-head in steejile docks, but very 
impioperin die fiirmer, (as lias been found by experience,) that is, by 
giving ft massy head to the hammer, the consequence of dds is, that 
m eoU weadier, common docks are (bund to strike very slow ; on re* 
dodng die weight of the hammer-head one haH^ die eiTect of dds 
en die sttfldng, pardcufanly in cold weaAer, is greatly to iu ad^ 



Knee the old loddng plate and count wlied method was given up, 
fte hiddng of the striking of ft common dght-day dock has general- 
ly been done by means of a tumbler caH, fitm ng on a pin fixed be- 
hind the radc on^ one end of its ardi, *dte tumbler lidng puton bj 
meias of a square, on a thick pivot df the tumbler wheel pinion 
sqasred fbr this purpose, and wheti^iot wdl fitted, the tumbler waa 
apt to get loose and sometimes drop firom its place. There was even 
same idoety required to make the pressure of die tumbler on the pin 
in die rad[, so diat the fbrce of the striking weight on the tumbler 
whed, should not make the tumbler bear too hard on the rack pin, 
mA eonsaqdendy make the rack tooth bear equally so on the nose rf 
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the rack catch. When the tumbler pressed in this way, it made the 
discharge of the striking require more force than was proper. On the 
other hand, if the tumbler rested in such a manner on the rack pin 
as not to press it, as it were in some degree firom it, in this case the 
rack sometimes did not fall, and then no striking took place, or, if any 
did, it was only by giving a single blow. 

To prevent such occurrences in future, we made the pivot of the 
tumbler wheel smaller, and fitted the tumbler on by a round in place 
of a square, having no tail to it, the locking now being by a pin in 
the fly wheel, pressing very gently on a piece fixed to the inside of 
the arm of the rack catch ; a like piece was fixed to one end of an arm 
of the discharging lifter, a little behind the other, so as to give some 
room for warning when at this ; on the lifting arm dropping ofi^from 
the pin in the minute wheel, the pin in the fly wheel at this instant 
got free or discharged, and the striking went on till the locking of the 
fly wheel again took place. The first opening, or space for teeth in 
the rack, was made somewhat deeper than the rest, so as the rack catch 
when falling into it at the dose of the striking, might get down 
enough with its piece to catch the pin in the fly wheel and lock it ; 
the other spaces between the rack teeth being less in depth, kept the 
rack catch and its locking piece so much up during the striking, as 
prevented the pin in the fly wheel firom interfering with it. Thb 
mode of locking a striking part will, on the whole, be foimd safe, sure, 
and easy. Reducing the train of striking parts, we have long insist^ 
ed on and practised, having brought the train of repeaters down firom 
above 6000 (at which many were made) to 2000, and even to 1200, 
or 1000 with success. What a labour the fly pinion had to perform in 
those high triuns ? making above 300 revolutions for every blow of the 
hammer, which might have been efiected with one third of the num- 
ber. Julien le Roy had good reason fi:>r reducing the train so low in 
number, as to find it was necessary at last to bridle it by means of a 
scapement ; this was certainly an ingenious contrivance, and firom 
which there is no doubt that M. BerUioud took the idea of bridling 
the striking part of a dock also by means of such an escapement and 
pendulum as has just now been described. 

The train of the runnings, (that is the wheels Jbd pinions which 
serve for the repeating part of a repeating watch) when carried to a 
high number, must necessarily require a considerable portion of the 
force of the repeating main spring to turn the wheels and pinions, 
independent of that required to lift the hour and quarter hammers : 
hence the feeble blows given by many of our repeating watches. Com- 
pare the 6050 revolutions made by the fly pinion for one turn jof the 
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int wheel, with that of another, where the hat wheel which b m 
acapement one, makes only HTttt revolutions.. The runnings of 

the one were g-^g xd^dlc 6 ^ ^^^» ^^^ number of turns made 

44x36x32 
by the fly {rinion. The runnings of the other were n? — m — i-s: 

147-fTr9 ^^ number of revolutions made by the scapement wheel 
which had 15 teeth, the double of which is 30, and 30xl47|^i=: 
5433y^, the number of beats made by the pallets. 

Oar repeating nunrement makers have of late got into the way of 
making the ratchet teeth of the arbor of the first wheel of the run- 
nings, in the reverse order to what they ought to be, and this seems 
to have caused the repeating motion maker to introduce an interme- 
diate pinion or whed between the rack and the pinion, which is on a 
square on the arbor of the first wheel in the Stogden motions, whidi 
tafceaawayfirom the good effect, which the rack would otherwise have 
did it operate solely with the pinion on the ratchet arbor. 

In repeating movements, where the repeating barrel is made with 

a latchet edge on the lower end (as it may be called,) the barrel let 

Amigh the potence plate &cm outside, the ratchet edge being sunk 

in it, having a click and spring fixed on the potence {date so as to 

act with the ratchet edge, a bar across the barrel, and its ratchet edge 

IB screwed on the potence plate and keeps the barrel in its place, just 

aDowing it to have freedom to be set about by means of the ratchet 

eigt. This is a contrivance which is neat, ingenious, and oonveni« 

cDt, aa fay it the repeating spring can be set up any part of a turn 

diat abould be requisite without interfering with the motion work. 

Where a pinion, or a pulley, is put on the ratchet arbor with a square, 

tlMj re^iire to be taken from off the square, and besides interfering 

widi the motion work this way, a turn is the least quantity that the 

Rpendng spring can be set iq>. 

• 
Tlie following are trains for a three part spring clock, or quarter 
dodt, as it is cdled. For the great whed of the going part, 180 
leeth, second wheel 100, and the pinion 10, third wheel 100, and the 
ponofi 10, the swing wheel 90 teeth, and a pinion of 10. The vi- 
hratioiis will be found to be 100 in a minute, and the pendulum (by a 
nde to be given afterwards for finding the lengths of pendulums,) will 
to be 1 4. 1 12 inches in lengdi. The great whed of the striking 
100 teeth, the pin wheel 64 teeth, 8 pins, and a pinion of 10, 
the tamUer wheel 56, and a pmion of 8, the fly wheel 46, and a pi- 
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yiw of 8, Ate fly pinion 18. The revobtioiis di^i^-iBide bj('tbe fly 
^ OYery turn or reyolution of the tumUer wheel will be 26*833. 
For 56x46-4-8x12=26.833, the number of tuifBs made by the fly 
koA its pinion. The great wheel of the quarter part has 120 teeth, 
th^ seocmd wheel 80, and a pinion of 10, the tumbler wheel 56, and 
a pimon of 8, the fly wheel 46, and a pinion of 8, and the fly pinion 
tS. The fly and tty pinion in this port make also 26.833 revolutions 
jfer erery turn made by the tumbler wheel, which is one ftr every 
quarter, each quarter being 8 blows of as many hammers, each on its 
own belL The second wheel of 80 turns, a wheel of 40 which is on 
ise of die ends 6f thd quarter barrel, having five rows of pins ptfton 
il finr the same number of quarters, making two revdutions in ^ 
boor, it gives ten quarters in that time, as 1+24-3+4^10. The 
length over all in the flys used in the striking and quarter parti may 
be afamii three indies and a half. If the tmnbler wheels were made 
16, the fly wheel 4S^, their pinions 8, and the fly pimon 14, the r&- 
Yohitions of the fly would dien be 91 for eveiy blo^ of the bamMr. 
For 56x42^^x14=81. A fly to bridle this woidd leqoire to be in 
loigtb^ over all, four inches and a half, or a fitde more. Thenumhers 
tot Ae teeth of the tumbler and fly wheds may be dedoced fiEom as* 
aumingthe nmberbf theievohitionsthe flyisreqpnred tomaka^ 
knowing the numbers for fly and fly ifhed pinions. Suppose the pir 
nipns are 8 and 14, the number of revdutiona the fly is required to 
isake ia BQ, Aeh to find the numbers flir the tombkr and fly whed 
leedi. The piniona mnltiidiedinto one another, and (he product by 
the nnmbisr of iwvdolion^ of the iy pinion, will give suob a number^ 
Aat when ma^ into divisen, will give setf ftr the two wheds. 
6x14x90=9210. The cBvisois are six 9*, one 5, and a 7. 

The great wheels of the going and quarter parts make one revolu- 
tion in 12 h^ursi the fusee must ^en have 16 turns. In the quar- 
fqr part, the tumbler whed making one revolutiofi every quarter^ 80 
Urn PJffPbfPC of the second whed, be^ig divided by 8, Uie tui^bler 
whed piniqu will gfve ^Q for the number of quarters struck in an 
hour. Tl^e ^eamil whed 80^ loakei '^2 revolutions fix one of the 
Iffefkti whedf as 10, t}ie second wh^ pimoui will divide the great 
wbed of }5tO ^1^ 12^ therefore tibe gpeat whed of the quarter part 
wiU make a rerdution every 12 ^oiuf. By the stnkifi^ part, there 
are 80 blow* givien by ^ hammer for one revc^ution of (the great 
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wht4f It dM lk« iwiqIw qC tumi giTcm to ibe fiiioe may mhcr bo 
kai duHi 16. For if TSUovs require 16 tnnison the fiieee, eo as to 
ke^ ly the striking for eight deyi, tbca 80 bbws for one turn of the 
fiiiee win vMpuie only 15^ iSBiis to keep up the striking for thessne 
tine. In an ioTene mtkn say as 78 is to 16, so ia 80 to 15.6» that 
is 78X164-80S1&6. K the number of teeth in the striking great 
whod had beeii98» then the blows giTen in one revolutuai would heva 
hesB 7^4. For 100 : aO : : 96 : 78A wd the number of tims r#. 
quired ftr the fimee 1&91, <v 15.98 aeariy; For as 78: 16:: 7a4: 
15.91 4- taken as above in an iuTerse ratio. 

Marie, or diime parte hi oMvs have their trains mguhMed some* 
wiMB moeh in the same way» ae has been described for the spring 
foirtor pertt md sometimes they have the fly turning with the i^fier 
end ef en upri^t arber on the kvwer end, of whidi is formed an em)^ 
lem screw, either of a ring^i doublet triple, er qpiadruple thread, into 
whidi the last whed in the train works. In a sii^ threaded endlese 
scBw, one toolh of the wheel must pasi for erery turn or rewdurion 
ef the fly, two for the doable, three for the triple, and four teeth of 
the wfaed must psss for erery turn of the fly, having an endlem screw 
cf four threads on its arbort The number of threads in the endlem 
screw, and the position of its arbor, for it may be pboed either hori- 
aswteUy or upright, are things which may be determined according 
to the foncy of the movement maker, or to the plan he may have 
dewgned for the dock* A iy having an upright arbor, and a quad- 
npb thieided endlem screw, will turn easily and with great vdoci- 
tf : hence it will require to have the wings or vanes of oensider^ 
drie caitent so es to bridle the train. The wkeel en the end ef 
the mnric band which is turned by pen of the train of wheele 
and piniens, has sometimes no connection with the regulating part 
ef it, wUch is fonned by the fly wheel end purion, and the 9f 
having either a pinion or an endless screw flur its arbor« But tbif 
wheel is made to pitch nicely in with another wheel of Ae same 
number end diamMer, wfafch may be considered rkther as a kind of 
an imperfoctiaa, as in this wey the munie bsnel wheel will heve 
ssme dsgree of liberty by the shake of the teeth (however Kttle) 
in the t«# wheels. The beitel caimot turn ee steadily es it would 
have dene when placed betWMi the fly whed and fly, but to have 
this, threevhecb of the sease number and dianu^ter are required, the 
hrnid whed is driven by one, and it drives the other which tums 
the fly whed pinion, and the fly wfaed terns either a fly pinion 
or sn endlem screw. Sometimes there is a whed more in the train, 
the pinion of which is driven by the whed that is driven by the 
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bftrrpl wheel, and the wheel which is on this pinion drives the fly 
wheel, and so on. The first or great wheel of a music part being 
96, on the pinion of 8, which it turns, is a wheel of 72, pitching 
with the music barrel wheel of 72, each being of the same diame- 
ter ; the second wheel of 72 also turns the fly wheel pinion of 12, 
on whose arbor is the fly wheel of 32 teeth working into a single 
threaded endless screw, on the arbor of which the fly is carried. The 
music barrel is made to turn three times round, at the end of every 
three hours, and the tune which is on it is played three times over ; 
during the time of one revolution or tune, the fly makes 108 turns 
and two thirds of a turn. For 72x32-4-12=108|, being the second 
wheel of 72, multiplied by 32 the fly wheel, and the product divided 
by the fly wheel pinion of 12, gives the number of turns which the 
fty must make. The pinion of 8 being taken to divide the great 
wheel of 96, the quotient will be 12, the number of tunes played 
in 12 hours, the threes in 12 are four, and three the number of 
times the tune is played every third hour. For 3x4=12, a revo- 
lution of the second wheel is made in the same time as one of 
the music barrel and its wheel. In this example the music barrel 
is out of the power* of the regulating fly. 

The example of a music part now to be given, shall be of that kind 
where the music barrel is placed as it were within the control of the 
rq;ulating fly. The first or great wheel is 96, the second wheel 
pinion is 8, and the wheel 84, which turns the music barrel and its 
wheel of 84; this, again, turtis another wheel of 84; these three 
wheels being of the same number, must consequently be of the same 
diameter. The last of the three turns a pinion of 8, whose wheel is 
64^ which turns the fly-wheel pinion of 8 ; the fly wheel of 48 turns 
the fly pinion of 10, it must then make 403.2 revolutions for one of 
the music barrel ; the three wheels which are between the barrel 
wheel and fly pinion being multiplied into one another, and the pro- 
duct divided by the product of the two pinions of 8, and the fly pinion 
multiplied into one another, will give 403.2 for the quotient. For 
84x64x48-s-8x8x 10=403.2; the number of revolutions made by 
the fly and its pinion for one turn of the music barrel. The music 
part, by the going of the clock, is discharged every three hours, and 
plays the tune three times over as in the first example, consequently 
the tune is played 12 times over, for every revolution of the great 
wheel. The length of the vanes of the fly over all, must be about 3.65 
inches, and breadth half an inch. 
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CHAPTER IV. 

On Finding Numbers for the Wheels and Pinions of Orreries^ 

Planeiariums^ 4rc. 4r^. 

Hatiko giTen ^ euffident number of examples how to obtain num- 
ben fit for the wheel teeth of any watch, time-keeper, or clock of any 
detcripcion, it may not now be out of the q)here of practical horo* 
logy to select a few numbers, such as are properly suited for the mo- 
tions requisite for orreries or planetariums. The business of making 
planetariums or orreries, is so closely connected with that of the clock- 
maker, that a sort of Table shall be given of most of the numbers that 
csn be adopted for such machines. The greater part of them are 
diose of Janvier, taken or copied from Histoire de la mesure du 
tempsj torn. ii. chap. vi. Des horologes i Sphere Mouvante^pp. 238, 
839, 240, and 241. Par Ferdinand Berthotid. Parisy 1802. A 
descri pti on of the Sphere Mowoante by Janvier, with the numbers 
of its wheel teeth and pinions, had been given by him to the Nation- 
si Institute ; and Berthoud, as one of the commissioners appointed 
Id examine it, got the opportunity of seeing these numbers, which he 
aoon afterwards published, and, as we suspect, without Janvicr^s con- 
sent. We are led to suppose this from Janvier himself declining to 
make them public, as seems evident from his own work published, and 
entitled, ** Des Revolutions des corps Cilestesy par le mechanism 
des Rouages^ Paris 1812; wUch see. 

The first planetary machine or orrery made in thn country, was by 
die celebrated George Graham, dock-maker, (so he is styled in a 
print engraved by Faber, from his picture by Hudson, in the posses- 
mcfa of the noble fiunily of Macdesfield,) who was well skilled in the 
varioQS brandies of speculative and practical philosophy. Orrery was 
a name given afterwards to it, but not by Graham. 

What follows, is intended to show, how to find the numbers for the 
teeth of wheels and the leaves of jnnions, that shall give a revolution 
to a wheel, or fignre representing the motion of a planet, in a clock, 
flRcry, or in any planetary machine ; which must be performed in a 
detenmned or certain period of time. It has already been shewn, 
when in the train of a dock or watch, the number of the pinions 
and their leaves, and the number of teeth in the swing, or balance 
wheel, areJUeed upon^ that it is an easy matter to find numbers for 
die teeth rf the other wheels. But to find such numbers for the 

E 
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wheels and pinions in a planetary machine, as shall cause a revolu* 
tion to be made by a wheel, which must give the mean synodical re- 
volution of a planet, that of the moon for instance, in a period of time 
consisting of 29 days, 12 hours, 44mmutes, 2.8283 seconds, will be, 
at least to some, rather an intricate and difScult operatioi^ to maj^e 
out ; being confined to have this revolu^on performed within, or ex- 
actly to an almost infinitely small portion of space or time. Former- 
ly, calculations to find. numbers for the teet)i of whe^els and piniony,^ 
suited to give the revolution of a. planet tpl^bly near, sisems to have:' 
been the work of years, and that not very long ago, a thjj[\g whidi, 
may now be done in a few. minutes. The doqjk wluch waa m^de by. 
Pauthieu for Louis XIV. king of France, about the year 1749» movr 
ed a small sphere, or rather more property in our language, aii orrery^ 
representing the solar syste)Da, according to. Copernicus. The con- 
structiQii and arrangement of it, and the calculation of the wheel teeth,, 
were made out by M. Fassemant, in which it is said^ that he. had 
beea employed for such a length of time as tw^ty . yefuni. The mo- 
tions in this sphere, or phmetary machine, were allowed to be very, 
exact by the report of M. M. Camus, and Deparcieux, delegated by, 
the Royal Academy of Sciences to examine them. And even still 
nearer to our own day, much time and labour seems to have beea 
spent, not less than eleven years, as is related, if not in the calculatioa 
of numbers for the wheel teeth, and leaves of the pinions,. it must at 
least have been^ in the construction and execution of one of the finest 
phinetariimis, by M. Anytide Janvier, that has as yet been any where 
exhibited: it was purchased by the^then existing government of France*. 
This planetarium is kept constantly going by ap excellent chroiipme- 
ter, or time-rpiece. The numbers.of the wheel teeth and of the pinion 
leaves in it, certainly approximate as nearly as it is possible to give 
the periodical revolutions of the planets, and other circumstanoes at- 
tending th^m, to the greatest nicety, sudti as their states of retrogra-. 
dation, progression, and when stationary, also their phases, pl^^re.oC 
the nodes, eclipses, &c. There are two plates of thi^ p^n^tanum,. 
and a detailed description of it, besides, tibe.niunber^ of the wheel 
teeth and pinion leaver, given in the Histaire^de la Jtfi^wre, 8pq« 

We have seen no account of that magnificent, planetariupi, sent 
some years ago . by our government to China, as a . prp^cait, amqxig, 
many other fine things, to the good old.Emperpr EienXung, along 
with the splendid embassy under Lord Macartney. It is said to Jtiave 
been made at Erfurt in Germany ; for in the year 1791, a pan^hlet 
was published in London, giving a description of this planetarium jor. 
ytr oao mi c al jmachine, invented ai^ pwrtly exfiCii(^..lgrPlul.Maft. 
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HbIb, member of ihe Academy of Sciences at Eifiirt, and completed 
bjr Afteit Ifylini. 

We vcre infiNmed by tbelate Dr. I>inwiddie» who was astronomer 
mA mktUenurtician in that embassy, and had charge of this planeta- 
aui^ and who of eonrse had to explain the Tarioiis motions and uses 
of it^ to those who were appointed to receive it for the Emperor, but 
as thisy sfwied to set Htde or no va^e on it, perhaps they did not 
understand it, or were unable to appreciate the metita of a machine 
ealonlated' to give sndi a correct representation of the motions of the 
hr sf talj f bklies arit did. At this the Doctor was so indignant and 
pMiohed, tiiat he was induced to bring away some parts of the ma- 
duBinry,' wliidi after all we may suppose could be of little or no use 
to soy one, when detached fiom the principal to which they were 



ML Gsflmss, in his CotirM^ds Matkimatique9^ Paris, 1767, thiid 
«ditioi^ has given a few dMes for finding the numbers for the teeth 
s##iieeia , and Ae leaves of pinions, two in pardculaf, by way of pro- 
thae rfudl give the annial revolution of the earth, <« the ^»- 
revohtdoa of the sun, and also that of a synodical revolution 
if dieiboon, when represented in a planetary madune : the sdutions 
^tbeae prohlens* are done iii a very ingenious manner by algebraic 
equations. But algebraic equations not being so generally known 
w io hg those of our profession, as the arithmetic of decimal or vulgar 
Aactiooa nay be, we shall attempt to show, by means of these fractions^ 
hsa^ llie Bilmbers of whed taedi and pinion leaves may be obtained, 
•» aa ta prddilee a revolution in a given time tat any ^anetary mo- 
tion. Since the time of Camu^t^ modem mathematicians appear to 
have brought this subject, if not to a greater degree of perfection, they 
have certainly shewn how it may be done, and that in a very simple 
WMmtOf, soas it may be more easily acquired, by those who are not 
fit dM daily ptaetioe of seeing, what it is in the power of figures or 
numbers to do. None have displayed such a knowledge of thu sub- 
ject ak has been done by the Rev. Dr. Pearson, who certainly has 
trim uneemmsoB pains, in which he has completely succeeded, by 
^•niig die motions of die planets to be more correcdy represented in 
^ OTr^or planetarium than has hitherto been done. The numbcan 
hligave tat the motions of Jupiter's satellites were published 10th 
Hardly 1796^ in Nidiolson's Journal, vol ii. ito edition, p. 122, ei 
M|. which was aomewhile befiire we had any accomu of Janvier's 
Spkmt MouoantB^ whose numbers for the samd motions were so 
wmaAj sinikr to those of Dr^ Pearson's, that we could hardly be re- 

^afefirst si^ty ssaardagtae of fdagMudm sn 
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the part of M. Antide Janvier; but having taken, as we are led to 
suppose, the same way to find numbers for the teeth of the wheels, 
&c. in his planetary machine, as Dr. Pearson did, and the principle 
being a general one, the results would and must naturally be the 
same. Janvier appears, however, from his works, to be master of 
this subject, had got a liberal education, and of that rank in life, of 
being the son of one who was a general, second in command of the 
French army at the battle of Fontenoy. 

To the practical astronomer, an orrery can be of little use, unless 
in the hands of those who may give public lectures on Astronomy, 
where it is very well calculated to show the motions of the heavenly 
bodies, and the beauty and order of the solar system, in such a fiuni- 
liar way, as to impress the subject readily on the minds of young stu- 
dents. As there is some ingenuity required to find the numbers for 
the wheel teeth, as well as to construct and arrange the wheels in an 
orrery, so as to show the motions of the planets in their natural time 
and order, it is for these reasons that we have been induced to 
enter a little into the subject, that the practical artist may derive 
some small assistance from it, yet without any pretensions of making 
him an adept. He will acquire much useAil information by con- 
sulting the articles Orrery ^ Planetary Ntsmbersj Planetary and So- 
tellitian Machines^ in Dr. Rees' new Cyclopaedia. 

The method to be now shewn, is founded on what is called by 
arithmeticians the reduction of ratios, that is, reducing what is ex- 
pressed in large numbers to their equivalents nearly ; and so as they 
may be represented in lower terms ; as shall be illustrated by the fol- 
lowing examples : — 

PROBLEM. 

Any ratio between two given numbers, consisting of many places 
of figures, being proposed, to find a set of integral numbers that shall 
be the nearest to that given ratio ? 

Divide the consequent by the antecedent, and the divisor by the 
remainder, and the last divisor by the last remainder, till nothing 
shall remain, in the same way as finding the greatest common mea- 
sure for any two numbers : then, for the terms of the first ratio, 
unity will always be the first antecedent, and the first quotient, the 
first consequent ; for the second ratio, multiply the first antecedent 
and consequent, by the second quotient, and to the product of the 
aistecedcnt add 0, and to the consequent add 1, and the sum shall be 
the terms of the second ratio. For the following ratios, multiply the 
iasi antecedent and consequent by the next quotient, and to the pro- 
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duct add the Ust antecedent and consequent but one, and the sum 
shall be the present antecedent and consequent. It is necessary to 
remaric, that if the terms of the given ratio are not prime to each 
other, they must be made so, before the operations proposed above are 
performed. 

EXA1IPI.K. 

Let the ratio of 7988 to 163704' be proposed, and to find smaller 
integral numbers in the same proportion as near as can be found. The 

ratio ezpreased in the luual form is ."^^^ ; and it is easily seen that 

.. , _ . . u .k r 7988 3994 1997 

the terms are not pnme to each other, for ^^^^= qj^^= ^jg^^- 

wUdi are prime to eadi other, that is, ivhere no other number except 
mity will divide both without a remainder. 

1997)40926(20 
3994 



986)1997(3 
1972 



35)986(39 

75 



236 

2£5 



11)25(2 
22 



3)11(3 
9 



2)3(1 
2 

1)2(2 
o 



Tkt quotients found in this operation arc 20, 2, 39, 8)3,1^ and 2. 
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The first quotient 20 x + q- = 



1 o . ^ 

25 X J + y 



il 

79 

iqo 

3279 

559 
11456 

719 
14735 



X 39 + 25 
X 2 + 1^ 



3 + 



1 + 



2 +- 



79 _ 



1619 

160 

32^ 

559 



^ or first ratio. 



9 
41 

79 
1619 

160 




14735 



second ratio* 



third ratio. 



fourth ratio. 



fifih ratio. 



sixth ratio. 



11456 



s -»*«*" 



The last ratio is, that, where the numbers are prime to each other, 
and, therefore, a proof of the operation. It is necessary to observe^ 
that the first ratio of 1 to 20 is farther from the truth than the se- 
cond, which is 2 to 41 ; and the third» 79 to 1619, is still nearer to 
the given ratio, and all of them are the nearest that can be found in 
round numbers, where the antecedent and consequent is one of the 
numbers above. Thus, the ratio. of 7988 to 163704, may be expres- 
sed by six different ratios, all of the^ in smaller whole numbers, that 
constantly approach nearer and nearer to the truth, till the seventh 

3994 
ratio above, which is the same wit^ it, as well as the ratio pTu^- 



The application or use of the foregoing problem will be seen in the 
following example : — 

A limation, or synodical revolution of the moon, consists of 29 
days, 12 hours, 44 minutes, 2 seconds, and 52 thirds : It is required 
to find such numbers for the teeth of the wheels, and leaves of the 
pinions, as shall cause the last wheel in the train to make one turn in 
the above period of time ? 

Reduce the 12 hours, 44 minutes, 2 seconds, 52 thirds, to the de* 
cimal of a day ; the number of thirds here, is 2750572 : this, divided 
by 518400, the thirds in a day or 24 hours, the quotient .5305887 
will be the decimal part of a day ; the lunation is then 29.5305887 
days, and this being divided by 1.0000000, and so on, reducing it 
to get a few quotients, as in the preceding operation. The.quotienta 



obtained by these operatioiu» are, 89, 1, !» 7f ^t 2* 17, 8; with 
these quotients we proceed to obtain a ratio somewhat near to 

gOdnSflRT ^ but represented in lower terms ; now, 29 being the first 

quotient, will be represented in the first ratio as 1 to 29, or ^. The 

10000000 
numbers of the fraction qq g^yigoo^ '^^ prime to each other, 1 being 

the common dirisor, and the quotients, in addition to the above, 1, 
11, 1, 1, 1, 1, 1, 2, 2, 1, 1, and 2. 



29 


X 


+ 


1 



« 


1 

9 


first rado. 


1 
29 


X 


1 + 




1 


^ 


1 

30 


second ratio. 


1 


X 


1 + 


1 

29 


= 


2 
59 


third ratio. 


2 

£9 


X 


7 + 


1 
3D 


^ 


15 
443 


fourth ratio. 


15 

443 


X 


1 + 


3 
69 


=: 


17 

502 


fifth ratio 


17 

503 


X 


2 + 


15 
44S 


= 


49 
1447 


sixth ratio. 


49 
1447 


X 


17 + 


17 

503 


= 


8fi0 
25101 


seventh ratio. 


850 

^loi 


X 


2 + 


49 

1447 


= 


1749 
51649 


• eighth ratio. 



If we take the eighth ratio^ and divide the consequent by the an- 
tecedent, we shidl have 29 days for the quotient ; the remmmder be- 
ing multiplied by 24, and the sum again divided by the antecedent 
1749, the quotient will be 12 hours, Ad so on, as seen in the fi»l- 
lowing operation :— 
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1749)51649(29 days. 
3498 



16669 
15741 

928 
24 

3712 
1856 

1749)22272(12 hours. 
1749 



4782 
3498 

1284 
60 

1749)77040(44 minutes. 
6996 



7080 
6996 



84 
60" 



1749)6040(2 seconds. 
3498 



1548 
60 



524 



1749)92520(52 thirds -g^or j^ nearly. 



5070 
3498 
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1740 
If the antecedent of the fraction -..»„ is divided by prime num- 
bers, we shall get numbers for the pinions, and nonbets for the vhed 
teeth will be got in the same manner, bj dividing (he consequent 
with the like kind of numbers. 



1749 

583 

63 

1 



3 
11 
63 



51649 

3973 

137 

1 



13 

29 

137 



3 11 53 
Thefractioiis then are jgX^x-TQS- = 29 days, 12 houn, 44 mi- 
ls 22 
notes, 2 seconds, 52fv4 thirds ; or they can be made gi ^ gg ^ 

53 



137 



= to the above. 



1740 



If a cipher is added to both parte of the fraction ,A^ , chey 

will then deoompoae into such numbers, aa are better suited for the 
teeth of the wheels and leaves of the pinions, as may here be seen, but 
difEsring nothing from the fractions already stated. 



516490 


2 




17490 


2 




258245 


5 


Wheels. 


8745 


3 


Puions. 


51649 


13 - 


2x29= 58 


2915 


5 


Sx 5=15 


3973 


29 - 


5X13= 65 


583 


11 


2x11=22 


137 


137 . 


137=137 


53 


53 


53=53 



If the ratio had been carried on to the ninth or tenth quotient, they 
would have been represented by so great a number of pUces of fi- 
gures, that before they could have been divided into such smidl num- 
bers as were practicable for wheel teeth, we should have been pre- 
vented by meeting with prime numbers of too great extent, an incon- 
venience that frequently occurs in this method of finding numbers. 

The numbers that have been obtained here for the teeth of wheels, 
and leaves of pinions, are the same which give the synodical revolu- 
tion cf the moon in Janvier's Sphere Mouvante. 

The earth is computed to perform ite annual revolution for a tro- 
pical year, in S65 days, 5 boors, 46 minutes, 46 seconds. A train 
of wheeb and pinions to represent this motion of the earth, may be 
obtained by a process like that of the preceding ; and a neat sdieme of 
it, by Dr. Pearson, may be seen in Rees's new Cydopcdia, under the 
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article Planetahy Numixbs. Reduce 5 hours, 48 minutes, 48 se- 
conds, to t)ie decimal of a^ay, 'which becomes .242, making the time 
^ the earth's annuid motion to be 365.242 days. To reduce this 
flecindi part to a m^ar fraofion, heing a repeater, it cannot lie re- 
duced in the common way ; the finite part being subtracted fiomthe 
whole decimal, wiU give the numerator of the fraction ; the denomi- 
nator must be 9ibr eadi figure of the infinite part^ (that with a dot on 
the top of the last figuxe 2,) and having as many dphers added to it 
as there aire int^ers is the finite part, which in this case are two ; aa 
thus : 

242 

218 "" 963" "" IBO • 

Or it may be represented thus, — ggg — = -ggg; =? -^g-. And 

164359 "■ 

d(SSi^9 f^uoedt befiomm Ae improper fraction ^ » this, when 

inverted, wffl be Ae fraction |iw/; > ^^ s^ne aa produoed by the 
process of reduction in the seventh ratio in the scheme aQuded to. 



450 I 2 Pinions. 



825 

T5 

& 



3 2x5=10 164359 

3 3x3=: 9 12643 



5 &= 5 269 1269 

5 



Wheels. 
13 
47 



J<^ • w <^ ^ W » 10 ofi. J ► . ^ . 

niites. 48 aecondB. 

Or dius, ^x jbX -^gg^ giving the same result as above. These 
are the same npmbers as are in. Janvier'^s Sphere Mouvante. 

Th^ firrt ^OA 9 ill thia tiaiuy and 16 in that of the moon's syno- 
dical revolution, are aujfpoead to turn round once in^ houxa ; the 
time of the revolutions of the last wheel in each is respectively given. 

A aolar ov tropical year beiiig computed to ocmsiat of 365 days, 5 
lioiiviis 4i^wiuiilas,46aaoonds,lliQaiderialrevoltttioiw 
96^.^9^% &h9m^4Anm»^ Tafind 

HPmlMP fo.tbfitWbQeb and vviom Upn4uAa« sidioal< motioiB^ le- 



diKc 5 hours, M JBwvtflt, 47jeioiidi, 9/^ iKiids, to the decilMl nf 
adfty, and it will be represented by the fraction Qg^o^n^* wlioae 
greatest common measure is ^^consequently the anmbers are not piiipe 
to eadi odier» neidier are r ^^^^q. , which is the half of die firstfrac- 

ti<m, b^t this last, when agpdn divide^ by 2,b^come« so; '^gij^ffj^^'^ 

sod ham this me obtain iha (oUaiwiBig nioelaen quotients, yis. 906, 
4, 8, 1, 1,3, 1^ 1, 2, 1, 1, 2, I, 2, X, 4^ 1, S, S, and the httntio 

3500000 
produced from them wiD ^ fftrrg^y^ Si* ^^^' multiplied by 4^ giyea 

the original 2e6.24SKdOdff ^^^ ""® quotients can be got from any 

of the three fractions, and, of course, jtbe same ratio will be t^ re* 

2000 
sok. The tenth ratio, 1705^9 i^ay br decomposed bto numbers hr 

the wheels and yiniens, diough, by iMl^ it is not so well«uilad as 
other numbers would be, the divisors of the numerator being two T, 
and |t 41 ; those ^ the detiominatory mtf, a 37, a 6), and J!d9, 

which giTe far yyr I/l^^L ^ J^; tiid if Ae denomiBi^ 
^ wheels 61x74x163 736782' -^ » ~«^ «^""™— ^ 

lor bt Winded by the imm^rator, ipid Afi reduction carried ^n, jt 

wiU^pve 366 days, 5 hours, 49 minules, 47 seconds, 9^^4hiida. 

It is, howerer, from the ratio ^g^go ^^ ^h^ fraction oMi^eag ^ 

domd ; and thia, whesi dbrided by prime munbers, ghres far the 

iiumisaiui faur 2*, .one S, two 7*, and a 41 ; ssid liar tho denomiiui. 

tor, fiye 2*, oae 3, a 37, 01, md 163, mddag the numbers far ^ 

pinions 12xl4xl4x 41 tMOi . . .1. ^ 1 

SsA 48x61x74x163 = 3M17^ ^ and these are the actual num. 

IbsBs tkH^ iwpmx hadinliis jSphm§ MmMonUy «f a acw jmuI aimide 
construction, to produce in it, an annual siderial rerolation. Be hap 

96432 
not given us the process by which the fraction ^^^.^^^ was ob- 

iaiiied, nqr aren tbe ft^fAfm itpeU; tlnnpghp ibop hU qiwnhen^ itjp 
en^ that they ice dmvpd Ibm tluji ftlK^t^ : 1^ only SMItMip 
that the numbers iff^ileiiyedi^ the solv)i)MK)9i^ 19p 

96432 
obserre that the fraction oeQi^eafl may be obtained by multiplying 

«r l^th i»ap ^^ 17 iB^whi^hifhiaf gf (hi PIQO^ 

MM#ig nnia ^pM^tienla meMpfied Into one another ; or it mayhe 
<WBMthy *o iiwyto ailltioa orac!vctttlor4e rstios together ; 8adi,far 
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example, as that of the 4th, 7th, 8th, 9th, lOth, 1 1 th, ISth, ISthj and 
the double of the 14th ratio ; or otherwise by that of the 4th, 7th, 
8th, 9th, 10th, and the double of the 15th, as may easily be seen, for 

37 . 317 . ^^i^ . 1445 2009 8454 8917 

13561 ' 116099"*"20656l"*"62922l' 785782 "^1265003"*" 3206788"*" 

12371 . 33659 , 33659 _ 96482 ., « ^ .^, 

4630791 + 1^27370"^ 12327370 ^ 36317586' "le traction required; 

„ 37 ^ 817 _L ^64 . 1445 2009 46030 

or, seconcUy, j^ggi^ Jigow"*" 206661"*" 529221"*" 736782 "*" 16868161 

+ =;= ^,^,^^ ^ as before ; but in order that ihe addition 
16858161 35317536 *^**'*^ » """ "* "*^^* '•""'' "^^ «A«*iawi* 

may appear more dear, we shall place all the numerators in one co- 
lumn, imd all the denominators in another, thus : 



87 - 


4th 


_ 


13551 








317 - 


7th 


. 


116099 








664 - 


8th 


• 


206561 








1445 - 


9th 


-. 


529221 


37 - 


4th . 


13561 


9009 - 


10th 


- 


735782 


317 - 


7th - 


116099 


3454 - 


11th 


- 


1265003 


564 - 


8th . 


206561 


B917 - 


19th 


. 


3265788 


1445 - 


9th - 


529221 


18371 ■ 


13th 


m 


4530791 


2009 ■ 


10th . 


735782 


33659) 
33669)" 


14th 


■{ 


12327370 


46030) 
46030/" 


15th -| 


16856161 


12327370 
35317536 


16858161 


96438 


96432 


35317536 



It is unnecessary here to put down the whole ratios in detail, as 
any one may at pleasure find them with the assistance of the nineteen 
^qpotients before mentioned, vis. 366, 4^ 8, 1, 1, &c. &c. proceeding 
in the same manner as in pages 54 and 55. 

The two following problems are from Cours de Mathhnatiqueff 
par M. Camus. 

PROBLEH. 

To find the numbers of the teeth of wheels, and leaves of pinions, 
in a machine, which being led by a pinion placed on the hour wheel 
of a dock, shall cause a wheel to mdce a revolution in a mean year, 
supposed to consist of 365 days, 5 hours, 40 minutes. 

Solution. 

Let A (No. 6, Plate I.) be the whed which ought to make a revo- 
lution in 365 days, 5 hours, 49 minu^; A, the pinion, to be placed 
on the hour wh^ and like it make a zevofaition in 12 hours ; and 



XUMniS FOE A TROPICAL TXAB. 61 

BC,/^, two Other wheels and two other pinioiu, by meant of which 
the modon of the pinion h will be communicated to the wheel A. 

As the pinion h makes a revolution in 12 hours, or two revolutionf 
in a day, it will make 730 revdutions in 365 days, and tV or |^ of 
srevolution in fire hours ; and as a minute u equal to ,V of an hour, 
or y^v of 12 boors, the same pinion will perfimn iVW of a rerolution 
in 49 minutes. This pinion Uierefore will make 730 44f revolutions 
in 365 days, 5 hours, 49 minutes ; that is to say, during the time 
that the wheel A ought to perform its revolution. But the product 
of the wheels ABC is equal to the product of the pinions/^ A, mul- 
tiplied by die number of the revolutions made 1^ the pinion k do- 
rii^ a revolution of the wheel A. We diall therefore have this 
equation AxBxC=7S0 mx/xgxh ; and as the numbers of the 
teeth of the wheels ought not to contain fractions, the value 
l^Trixfxgxh must be a whole number. Therefore, if the num- 
ber 73044^ be multiplied by the product of the pinions /x^x A, the 
fraction which has 720 for denominator must become a whole imm- 
ber, consequently the product of the pinions fxgxh must be equal 
to 720, or be a muldple of 720. 

If the product of the jHuions fxgxh were made equal to 720, it 
might be decomposed into the three factors 8, 9, 10, which could be 
taken as the numbers for the leaves of these pinions ; the equation 
AxBxC=730U%xfxgxh, would then become AxBxC=525949, 
as 730x720+349=525949. But this number found as the product 
of the numbers of the teeth of the three wheels ABC, cannot be de- 
composed into three factors, which could be the numbers fi>r the 
teeth of these wheels ; it must then be concluded, that it is not pos- 
sible for it, to cause the wheel A to make a revolution in 365^ 5^ 49"^ 
If a multiple of 720 were taken as the product of the pinions, no- 
thing would be gained, as we should find for the product of the 
wheels ABC, a number, a muldple of 525949 ; And this muldple 
could not be better decomposed than 525949- As the number 
73044I9 muldplied by any other product of the pinions than 720, or 
than a muldple of 720, would not give a product without fractions 
tar that of the wheels ; and as the fractions must be neglected in the 
product of the wheels ABC, it is necessary to find for the product 
of the pinions /x^xA, a whole number, which, being multifdied by 
73^M4|i in^y give a product as near as possible to a whole number. 
In general, this is done by repeated trials ; but as this method is 
defective, we shall here propose another, by which the problem may 
ht solved with more certabty. When, in searching tor the value of 
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Aepttxiuct of l^e wheels AxBkC, or to approach as near io it as 
possible, we have maMplied 73^^ t§ by the product of the pinions 
fkgxh, which will be a whole nnmber ; the pt^oduct fimnd will be 

composed of these two parts 'jSOxfxgxh and y^^^ . But the 

firat part TSOxfxgxh is a whole anmber, since its tfwo filctors, 7^0 
and fxgxh^ are whole numbers. We must theiefore proceed in such 

a manner that the second part — ^jqq ^^7 approach as near as 

possible to a whole number. That this may be the case, it is neces- 
sary that its numemtoi^, which is a whole number^ should be too gieal 
ia too little^ only by inuty, to be divided by its denominator 730. 
But, if we suppose that this numerator is too g^reat by unity, and if 

we lesson it by that unity, we shall have ^^^^j^' eqUkl to i 
wliole number. If this whole nui^.ber then be represented by S, we 

If each member of this equation be multipliied by 790, we shall 

have 349x/x^xA— 1=720 S. Then addmg 1 to each memliei* of 

fhelkst equation, and afterwards dividing each of its new^ members by 

720+ 
349, it will be reduced to Ae following, fxgxh= '^Z . 

As the* product of /^<^ A, which forms the first member' of the 
last equation, is a whole number, so the second^ i&eihber o^ of 

tbo same equation will also be a whole number. But- this whole 

number ^a^ is composed of two parts, 

^which is equal to 2 S, and^^^. Put thto^g^^^ 



tli^refore 22 S+l==349 1 

22 8=349 ^-1 

- — ig — - wmehi9oomposedor^p=sl&]f and - m 



19 1 1 
Puttingthcn— cg^ ^=^f we shall* have 



19*— l=28v 
19 7=22 v+1 

-—llJ—wmchu composed of jg =c©,aiia -jg-. 
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3 «^f 1=19 m 
3 9=19 «— 1 

irhidi if composed of -x- ^6 jrand ' ** 



Then pot-^^ — =y,iheii 



*=3y+l 
Then if we make y:^ 
we than have «r=l, and we may find the product of fxgxh by 

timple nibeutations, finr putting 1 for a? in the equation o= ]^ ,we 
find fh=6» and patting 6 for v in the equation /=???i" , we obtain 

/=:7; and7 for /in S=:?^!=^we get S=rlll ; lasdy^potiBglll 

ftr S in llie equation fxgxhsJ^^!t} we ind dK pwdnot of the 

pniaiiB to be 229, for 780x111+1+349=229. 

As the number 229 found finr the ralue of the pioduet ef die 
pinions /x^A) u a prime number, which cannot be decomposed into 
aereral fiictors ; and, as it exceeds the number of leaves that can be 
given to a pixdon, it will be necessary to seek Ibr another more ooB^ 

venient. If, instead of making -^ =jf, it bad been made succes* 



sivdy equal to 1, to 2, to S, fcc, we should have, as iho psodvel of 
fxgxh other numbers, 949, 1609, 2889, he, fiNoned by die oealU 
Dual additim of 720 lo 229 ; but as diese new products are pnme 
numbers, or composed of factors too great, to be the numbers of the 
leaves of pinions, or give, as the product of the wheds, umnben 
composed of factors too great, they cannot be employed. Ih a word, 
this article is not demonstrated, because there are no ruks tb enable 
us to determine whether a number resulting from diese compositions 
will be a prime number, or composed of several factors of a certain 
quantity. 

As the number 229 cannot be the product of the several pinions 
/, f. A, we must search for another, which, being multiplied by 349, 
•hall give a product too great by 2 or 3, to be divisible by 720 ; that 

ii to say, we must make ^^?^/^J^JbJ or ^^^^^^^ equal to 

« whole number, represented by 8, repeating the operations above 
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explained, in the case where it was required, that w^^ — r* 

should be a whole number ; and we shall have the following equa- 
tions, which will differ from the first only in this, that they will con- 
tain +2 and — 2j or +3 and — 3, instead of +1 and -—1, which were 
in the first. 



/>«x» = ^^' 



S = 



349 
349/— 2 



iz= 



V =: 



X -=, 



22 

22£+2 

19 
19 X— 2 

3 

2 



or 



' . 720 S+S 

S=3 49<^-3 

22 
i =22£+S 

19 
» = 19£— S 

S 



But if to iind the value of the product of the pinions fxgxh^ we 
substitute in these two new series of equations 2 or 3, in the place 
of 47, in the value of o, then the value, of v in the room of /, and 
that of t in the room of S, and the. value of S in that of the product 
of the pinions /x^x A, we shal^^find for that product 458, which is 
the double of 229, or 687, which is th^ triple of 229 : and as we re- 
jected 229, because it was indecomposable^ and too great to be the 
number of the leaves of a pinion, we must reject also the two num- 
bers 458 and 687, which both have the same number 829 as one of 
their ftctors. But, if we endeavour to find for the product of the 
pinions /x/^xAy a number^ which, being multiplied by 349} shall 
give a product too great by 4 units, to be divisable by 720, that is to 

say, if it be required that 4^ should be a whole number, 

we shall have the following equations, which will differ from the for- 
mer only in this, that they will contain +4, or — 4, whereas the first 
contained +1, or — 1. 

/X^XA = 7208+4 
349 

S = 349 /— 4 
22 

22P+4 
19 

19 






V = 
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And M the value — jr — of the whole number v, is composed of 

these two pmts, — -g — , — w^ sad m the first of these two parts, 

g is a whole number, the seeond part,-^, will also be a whole 

number, or equal to y or lero. Now, if it is known that -^ — = 0, 

we shall hare x = 1 

Substituting 1 for jr in — ^ — value of o, we shall have e = 5. 

Putting 5 for V in — j^ value of /, we shall find / =: 6. 

3491 — 4 
Putting6 for / in ^ J2~~ « value of S, we shall have S = 95. 

Finally, putting 96 for S in ^^^ ^•'^ ^ A«^*» ^^ **H •>*▼« 

fxgxh = 196 : because 790x95+4+319 = 196. Now, the number 
196, found as the value of the produel of the pinions /V^ A, is decom- 
posable into the three fiKAorsV 7, 7, which can be the numbers of the 
leaves of these three pinions, therefore these pinions are determined. 

To determine the numbers for the teeth of the three wheeb ABC» 
we shall ranme the eqoatioB AxBxC s: ISOmxfKgxh^ which we 
found at the beginning of the solution ; and putting 196 for the 
product of /x ^ X A, we riiaU find A X B X C =: 143175tIv ; for 
7»x7aO+84l^xl9&^^a0^14at^lhhf. N^lecting the fraction 
t4v dial we piupu s ed to rcgect, we shall have for the product of the 
wheds ABC, the number 143 1 7^, which wiU decompose easily into 
these three ftctorsy 25^ 09, 8S, that can be the numbers for the teeth 
of the three wheels ABC. 

Thcrcfefre, to cause the whed A make one torn in 365 days, 5 
hours, 49 minutes, or nearly so, by means of a wheel-work led by a 
pinion A, pUced on the hour-whed, (as it is commonly called by 
doek^mahBray although it$ revolution takes 18 hours,) of a clock, 
we may make use of three wheels ABC, the numbers of whose teeth 
Bust be 83, 69, and 25, and three pinions /, g, A, the number of 
whose leaves will be 4, 7, 7. 

In place of the pinion A turning round in 12 hours, let us sup- 
pose it to go round every 24 hours ; 196, tUk number found for the 
pbions, must now be doubled also, that is, it must be 392 ; the pi- 
nions will then be 8, 7, 7, and the wheels, as before, 83, 69, 25, which 

^7 thus be rejwesented, « =-J?7x7 pimons^ 

«* ' I4JI74 25x69x8:} wheels ^ 
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hours, 48 minutes, 58 seconds, 46^ thirds, being the time that the 
wheel A will take to make one revolution, and less than the propos- 
ed time by 1 second, 13^^ third?. Hence, we ren^ark, that the 
fraction y4v9 which has been neglected in the product of the wheels, 
will uQtoausc^ (otn the Hme 4(f tf^revdution required,) an error of 
more than 1 second, 13|^ thirds, and that it would take near 2940 
years before this error, i» b^g OHiltipUed into itself, could oipun^ 
up to an hour, or 4Q years before it would come to 1 minute. 

To find the numbers of the teeth of the whedte» and leaves of pi- 
nions of a machine, which, being moved by i^ pinion (m^a ehek) 
that makes a revolution in an hpur, shall cause the last wheel in the 
machine to make a revolution in 29 days, 12 hours, 44 minutes, S 
seconds, and 12 tbir^a^ ^^^ ^^ ^^ ^^ ^ mean synodical revolu- 
tion of the moon. 

'•.--■ »' . „ 

Let A (No. 5. Phit^ i.) be the wheel which it is psopoaed sha^ 
make a revolutioti in 29'dli^0, Id hours^ 44 n^nute8, 3 aeoonds, and 
12 thirds ; A, the pinton, whieh pllaced on Ae aobor of the center 
wheel of a clock, like it«faatt^tBcft» a turn in -api hour 9 and B0, two 
other wheels, and/,^,' t^«*o ollM> pinions^ by whose meana Ae motion 
of the pinion h wiU^ be eommuiiieated to the wheel A. 

The pinion h making one ium ii an hour,, or 2fl Ifttos bi a dajr^ 
it win make 696 turns in 29 days, and 708 tuma in. 29 dagra, 12 
hours. ' '• ' ^ ' 

A minute bei^g ^^ ^ tI4^ ofm houv, die pinion h wiU naloa 
4t| *4§ ^urns in 44 mmutes. 

A second^ being tsS^ or Yr^^Trr of an hour, Ae pinion ^iKiU.niake 
TTin^ turns in 3 seconds. 

A third, being -it^tht of an- hour, the pinion ib inUmake vridvof 
turns in 12 thirds. 

So, white the wheel A makes one turn, tbe pinbn k vitt lliafe# 
708411^ turns, or 70»AiiVllume, in dividing the two terma of ib» 
fraction by 192. But the product of the> wheek AxBxGy i$ Wfmi 
to the product of the piniona fxgp<ilh multiplied l^ tlW number, of 
the turns that the piniolk A^ makes dunng4>ne titm of the wheel A- 
We Shan then have AxBxC zsfxgXkxJQS^?^. 

Therefore when it is required that the whed* A should, make a 
turn, exactly in 29 days, 12 hours^ 44 minutes, 3 seconds, 12 thirds, 
we must take for the product of the pinions /x^xA, a number which 



« 

nay be e^ud to^ Ae denomiiialor of the fraction ^rrfh ^ ^hich may 
be a multiple of that denominator. 

But, in taking the number 1125 fbr the value of the product of the 
paucms/^Xi^and subttitating it in the phu;e of this product in the 
equation AxBxCs/y^xAxTOS^V ^^ ^^ ^^^ i>r the value of 
the product of the wheels AxBxC, the number 7973^9 which eamoi 
be decomposed into factors fit to be the numbers of the teeth of two 
or three wheels. The wheel A fherefbr^ cannot be made to perform 
a revohUHB in f9 days, 19 hours 44 minutes, 3 secondp, and 12 
thirds ; and it will be requisite to find, as the product of the pinions 
f>cgxhy a whole number, which, being multiplied by 708 AVt* may 
give a product approadiiog as near as* possible to a whole number. 

In Mari'hfng finr die prodift of the wheels, or endeavouring to ap- 
proach it, when we have multiplied 7^^ VvV ^y the product of the 
I"iuo<M fxgx^j the product will be composed of these two parts, 

lOSxfxgxh, and ^^^^. But, as the first part ^OSxfKgxh 

win be a whole number, and as the sum of these two parts ought to 
approach as near as possible io a whole number, it wilT be neeessary 

to procaad in such a manner^ ikat the second part — ^S^£^, may 

tppromch as near as possible to a whole number. 
That the fraction ^^^|^y^* may differ as little as possiUe from 

a wMe ■nmhfTTy ila n um e ram must be too large or too small, only by 
onily, to be divisible by 1125. But by making the numerator greater 
orlesa by unity, or evenly 9v ovA, or 4f or 5, or 6^ ev 7, or &unila> 
dian a number divisible by I12S^ we shall find, as the product of the 
vbeda AxBxC^ mu^tefst some fiu^tors of which will be too great to 
be the nmnbers of some of the wheels ; and therefore it will be ne- 
cessary to proceed iasudr a mimner, that the numerator of the frac- 
tioB may be 9 unila~tdo small to be divisible by 1125 ; that is to say, 
having added 9 toilfar numerator 8S6xf>cgxh, we shall suppose the 

finetion dSS^^-^ equal to a whole number represented by 
8, which will gittfiiia filiation, f!6^^xA+9 ^ g. 

Proceeding. iMeJtt thia problem aa we did in the former, and mul- 
tiplying both mentMBB of this last equation by 1125, then taking 9 
from each, and^^inEng the remaind^ by 826, we obtain the equa- 

Uakfxgxk=: — «|g — , wMcfr is composed of 
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826S ^ .299S— - •-. , , ^^,v ,. 2M8— 9 , . 

-5-5-=S,and ■ — : put this last part of the equation, ■ — =<, wethen 

have 399 8-^ = 826/ 

299 8= 826 /+9 

S-^t?, which U composed of Ml=: 2 <, and ?^th?. Putth«' 
299 290 209 

228/4-9 

• - ' — =«», and we have 228 /+9 = 229 r. 

228/=299«— 9 

/ = ?2?±:^, which 18 compoeed of Ml * » 
228 *^^ 228 

and ll^r± which lay = *. Then?! «— 9= 228 jr 
228 

71» = 2«8«+9 

v = 228«+9 .... 1^213* a 

— »---l»^whichiiOompoeed o f ' ■ s3» 

71 71 

and i*±t? which say = y. Then 16*+9 =7ly 



I5«=71y— 9 

« =7ljH:?,whichiscomposed of ^^'=4 y 
■5 15 



11 tf o 

and /[^ which say «= « Then U y-^ =» 15 « 
16 

lly=:15«4.9 

y ==l^f±i,wUdi Ueomposed of ^s« 

4x4-9 
and — r2— - which say = &, Then 4 «4-9 = 11 dt 

4js = llft-»9 

II &— 9 .... ,^»&— » 

«s= — ; fWhiflhisooaipoMdof — r — 

4 4 

and -^i^=^ which isy s A. Then3&»l:s4A 

4 

»|^«4il4-l 
&s iJ^:ill^pattiiigthaiAa8,ir« 



obtain the nine following equations : 1st, 



. &= S 

2d, - * = J 

-, 16*4.9 

Sd, . Jf = -^ 

4th, . x^TL 



- . — 228 #4-9 

5th, . ^= 71^ 

6th, - / ^ 299o— 

228 

7th, - S = J?«i±l 

200 

8th, /X^xA = Ji^#=? 

826 

Oth,AXBXC=: /X^XAXTM-^ 
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Ai ike Itt eqmtion gmve dr=3, if we pat 3 for &, in the 2d, we shall 
hmve %=6, for 1 1 x3 — fh=M^z=6. 

Pntting 6 for c, in the 3d, we get y:=9, for 15x6+9=99-i-l 1=9. 

Potting 9 for 5, in the 4th. we find x:=z42, for 71 x9 — 9:=630+15=42. 

Patting 42 for X, in the Ml, we obtain r^nlSS, for 228x42+9=9503 
+71=136. 

Pntting 135 for V, in the 0th, we hftve i=177i for 299x1 35-.9=4d050 
-h228=177. 

dng 177 for f, in the 7tb, we get 8=489, for 826x177+9=14821 1 
-^299=489. 



ing 489 for 8, in the 8th, we find/xgxA=866, for 1125x489^9 
=550116-1-896=666. 

Ludj, patting 666 for fKgXh, in the 9th, we hare AxBxC= 
472017 - tAt* for 708/^x666=472017 - 1 At- 

The number 666, found as the value of the product of the pinions 
fxgxh^ being reducible to these four factors, 2, 3, 3, 37, they may 
be compounded into these three, 3, 6, 37, which may be the numbers 
of the leaves of three pinions; and the number 47201 7? whidi has 
been found for the product of the wheels, neglecting the negative frac- 
^n — ttVtj being composed of these fSu:tors 3, 7, 7, 13, 13, 19, they 
may be divided bto these three sets, (3x19), (7x13), (7x13), equal 
to these three foctors, 57,91,^91, which nuy be the numbers of the teeth 
of the three wheels : it is therefore proved that the problem is solved. 

It is to be remarked, that the negative fraction — nVt neglected 
in the product of the wheels, and by which this product is rendered 
greater than it ought to be, to cause the wheel A make one revo> 
lution in 29 days, 12 hours, 44 minutes, 3 seconds, 12 thirds, will 
not produce, (in the time of the revolution of that wheel) an error 
of more than 2tt thirds. For if we seek for the number of revolu- 
tions which the pinion h will make during a revolution of the wheel 
A, dividing the product of the wheels 47:K)17, by the product of the 
pinions 666, it will be found that this pinion A, which makes a revo- 
htion in an hour, will make 706 revolutions, which correspond to 
798 hours, or to 29 days, 12 hours, and there will remain 489 revo- 
hitions, or 489 hours, which being divided by 666, will give iAr mi- 
nutes, 3 seconds, and liyy thirds. 

The time, therefore, which the wheel A will take to make a rcvo- 
htion, will be 29 days, 12 hours, 44 minutes, 3 seconds, 14} J thirds ; 
consequently will exceed the proposed time only by 24t thirds. 
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. Tlie pinicNi A, which is three here, being rather too km a wuiAer 
or practice, it would be as wcfi to imdre it <fl»ee UinieB^ai^ which 

will be 9 ; consequently both parte of the xradaon A»w)ih ^^"* iJeTiml- 



(.«.«« -^ ^ 



* 1998 
tij^ied by 3, the fir^ctio&jDow wiUbe i^gggi^^^^^'^^'*^^^^^^^^ 

and pinions multiplied into one another, and this wheii'4ec«liiposed 

•bove, 29 d«]», ISt hour^ 4i> ninut^ 3 «eco»dl0, -1^ -tt ^Iwda. 

The late James Ferguson, who was equally eminent ,a» a writcgr aa 
well as a lecturer on Natural Philosophy , being in Ediobpigh about 
the year 1767, was so obliging as to communicate to us a dcscripdon 
of the wheels, pinions, and endless screws, in a train of wheel work 
to produce a mean synodicd revolution dl the moon, mentioning thaC 
they were, (as he ^ipposed) computed and invented by Jtf udge, but 
at that time no account of them had been published, nor was so till 
long afterwards. The effect of this train makes the xevniution equal 
to 29 days, 12 hours, 44 minutes, and 3 seconds. It is peAaps aa 
ingenious a mechanical contrivance as can well be imagined^ and waa 
executed, and put to a clock by Mudge Hmself, for his sin^c^ere noble 
friend and patron, his Excellency the late Count Brubl. A particu- 
lar description, and a drawing of this contrivance, may be iseen m a 
book published in the year 1799, by Mudge's json, cUefly intended 
for giving an account of the merits of his father's dme-keepers. This 
lunation of Mudge^s being so veiy curious a piece iof dock-work for 
showing the moon's age, we jshall ^ve an account of it, taldng the 
description from the publication now alluded tp. 

^^ There are no numbers, nor method that I have seen,^ says Mx. 
Mudge, '^ by which the mean motion of the moon can be represented 
more correctly than by those in No. 2. Plate I. or a multiple nf tbeiQ^ 
vhere A is a wheel that goes round in 24 liouss. 

B a pinion with 8 leaves. 

C a wheel with 45 teeth. 

D a pinion with 8 leaves. 

E a wheel with 42 teeth, which carries the moon 
on its axis in 29 days, 12 hours, and 45 minutes. Bu|, as fiom tbfiae 
numbers there is an error of 57 seconds in one revolution pf the nioon^ 
I propose to correct that error by the method in the scheme re- 
presented in Plate I. No. 3 and 4. the latter of whidi is a k^ 
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tend Tiew ct the ttamety Mii in boib, the mmie [nuts are rqircsented 
hf the mme letters. F, No. 4» is a ttud fiied i|i ihe plate* at the. 
bMom of winch ii ited the punonA iauioveality. The wheel A aoTes 
ficdy loond on the ilai F,eMein24hoiit». UnthewheelAroovea 
the wheel 6, and if carried abng with the wheel A, round the stud 
F. The teeth of the wheel 6 ran in the pinion a, on the axis of 
lindi there is an eiidle« acrew e, tha^ ntna itt the teeth of the wheel 
dy wfaidi whed ia also fixed to the wheel A to the phae of which iu 
axis is parallel. Oh the axit of the wheel d is another endless screw 
e, wUdi runs into llhe whed/: This wheel ie also fixed to the wheel 
A, and its axis goes ibrouj^ it, and has on the npper aide of it a 
pinion of 9 leares, or pins g^ which runs in the wheel A, which wheel 
h nanres toond the iaine stnd that the wheel A does, and has fixed 
16 it die indon B. The ptliioa B in No. i. is fixod eo the wheel 
A that goes round once in 24 hours. The pinion B in No. 3. and 
4^ is fixed to th^ wheel A, and hla a relacite mmien to the wheel A 

1^4*^ of a revolution, in the space of 29 days, 13 hours, 45 minutes, 

which ia equal to 67 seconds, the error that was to be removed. 

" The other wheels that are moved by the pinion B arc the same as 
in No. 8. The numbers for eflfeeting the monoii of the pinion B on 
the wheel A, are as follows : 



Pillion cf * - . 


19 


▼vneel o - - - 


46 


Endkks screw c - 


1 


Wheels - • - 


81 


JSnilieos screw & •* 


1 


Wheel/ . . . 


46 


Pinion ^ - - - 


3 



Wheel A ... ao Ob which is fixed the pinion B. 

Tlie fliean motion of the moon bom thia contrivance will be exceed, 
iagly Mar the truth, aa one revoiotbn will be completed in 29 days, 
n homra, 44 aiinntei, S seconds.*^ 

AH thia oorrocting work hangs on the 24 hour wheel A, and ia 
carried roond with il; both the endless serewa are right handed. 

In lfil919 day«, the correcting wbeela cause the lunation wheel 
to^ taAn once mere roond than it would do without them ; then, as 
lansra is p 39.53 days, the time of one luaation, ao is 2551443, 



« Tk« US. note «f Fttgmni\ In posMSiion of the Kditor of Mu4«e*f LunAtum 
Wwk, it whftt wt §■▼« him numy ymn before the abore work wm given to the puMlc. 
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the number of seconds in a lunation, to 56.996, which may be reckon- 
ed 57 seconds, as it is within the hundredth part of a second. . 

The product of all the pinions and screws multiplied into one sno* 
ther is 3648, and the product of the wheels multiplied into one ano* 

ther is 48223355000, and ^?^^^^:;=i321912. 

Finding that a mean lunation could be given by three pnions, 
and three wheels simply, as givep by Camus, we sent them to Count 
Bruhl, to show how it differed from Mudge's, and seeing it could be 
easier made. His Excellency had some doubt as to. the correctness of 
Camus'sliumbers, and was not satisfied tiU he got the calculation made 
out by another. He appears, either on this w a former occasion,, to 
have made application to Mr. Mudge himself on the subject, if we 
may judge by a letter of Mr. Mudge's to him, of which tbefbUpwing 
is an extract : 

^' But totally had forgot the process you wished to be in- 
formed of, and find I cannot so easily recover any particular train of 
thinking as I could formerly ; and, indeed, I almost despair of find^ 

4 
ing the meaning of the fraction \AAAtfk ' However, after having gone 

over the same ground I did, when I first contrived this approxima- 
tion, I think I have perfectly recovered it, and will explain it in the 
best manner I can, though I fear, not so intelligibly as I could wish. 
The first mover is a wheel that goes once round in 84 hours, on which 
is supposed to be fixed a pinion of 8, which runs in a wheel of 45 
teeth, to which is fixed a pinion of 8 or 4, which runs into a wheel of 
42 or 21, which wheel will go round once in 89 days, 18 hours, 45 
minutes, or 29-J4 days : this is the imperfect lunation, but tne most 
perfect that can be produced by simple numbers. In order to ap- 
proximate it still nearer to the truth, I considered, that if instead of 
fixing the pinion to the wheel, which goes once round in 84 hours, it 
was made to move round the wheel very slowly the same way that the 
wheel moved, it would accelerate all the wheels in the train that was 
moved by the pinion ; and the time in which it is to make one com- 
plete revolution on the wheel, (which is equal to 24 hours) is found 
by dividing the seccmds that are in 24 hours, by the error of the im- 
perfect lunation, viz. 8640a44»7=:1515f^, or 86400-i-56:^1542^ in 
which number of lunations, the error of 57 or 56 seconds will amount 
to 24 hours If then you divide 1515j4 into two quotients, as BOfh 
pose 1515-{-90=16i49 these two quotients multiplied by the two quo- 
tients that produce the imperfect lunation, viz. 5i, and 5^, (or if re- 
duced to one quotient 2944) will give the number of days, or revolu- 
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tions the first wheel mutt make, to increase the error, 57 Keconds to 
one complete daj, in which time the pinions more once round on the 
whed : The approximating numbers then, ia the first supposition, 
will stand thus : Spinion, wheel 15, 8 — 42, 1 — 90, 19 — 320; these 
reduced to their lowest denominations, the ratio of the pinions to the 
wheels remaining the same, will be 1 — 45, and 1 — 21, 1 — 45, 
19 — 80 ; all the pinions or endless screws (which b the same thing) 
multiplied by each other, will produce 19, and all the wheek multiplied 
also by one another, will produce 850500, and the denominator, divid- 
ed by the numerator, will give the number of days, in which 57 se- 
conds in one htnatian will amount to 24 hours, the time employed 
by one revolution of the first wheel. I shall only just add the num- 
bers necessary to correct the error of 56 seconds, leaving the process 
to your Excellency ." 

Pinion 4, wheel 45, 1 — 16, 1 — 45, 1—6. 

19)850S00(=44763,V ^o^* ^7 seconds. 
4)122250(=90562| for 56 seconds.^ 



TABLE I. 

The Periodtcat Sevolutions of the Planets^ or of their return to 
the Equinoxy taken from Lalande*8 Astronomy, Edition 1792. 

Dayia h* in. t. 

Mercury .... 87 23 14 32.7 

Venus . - - . 224 16 41 27.7 

TbeEarth .... 365 5 48 4& 

Mars .... 686 22 18 27.4 

Jupiter .... 4330 14 39 2.3 

Saturn .... 10746 19 16 15.5 

The Georgium Sidus is puqxMely omitted being taken from Lalandc. 

I)ftyi h. m. a. 

Periodical revolution of the Moon 27 '^ ^ 4.6795 
Synodical revolution of do. 29 12 44 2.8283 
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SyMdiccU Reuohitidns of the Satellites of Jupiter. 






IHyt. 


Ik 


-BL S. 


I8t 


1 


18 


28 36 


2d 


3 


13 


17 54 


3d 


7 


8 


S9 36 


4th - 


16 


18 


6 7 



Dtys. h. m. 8. 

Sjnodical revolution of Jupiter 398 19 12 54.15 






TABLE II. 



Wheel Work employed hyA. 3 tamer in his Sphere Mouvante, and 
calculated by him to imitate the periodical revolutione of the 
Planets* 

Mercury. 

Days. h. m. 1. th. 

mS JS iS w} = 87 23 .4 30 « 

Ventu. 

Pinions 7 17 37) _ g^. ,g ., „. 
Wheels 62 81 197 j " »S* !«> « ^ 

The Earth. 

Pinions 7 13 231 _ oct t ^ «»,. 
Wheels 62 61 241/ - 366 S 48 m^ 

I 

Mars, 

Pillions 6 6 71 ) at^ oo i o or 

WheeL. 89 137 144} = 686 22 18 36 

Jupiter. 

PmiaDs 6 6 6 41 1 j oq^ ij od a 

WJieels 67 72 89 106 } = 4330 14 38 2 



•' .'. V 
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Saium. 

Pvfu li in. t. 
Pinions 4 6 8 37 ) _ i/v-ii: io ia qk 
WTicek 82 92 92 110/ " ^^** ^* ^* ^ 

The wheel •r the clock which ads at a mover to these wboeb and 
pinions makes a rerolution in 24 hours = 86400 seconds. 



TABLE III. 



Wheel Work serving to imitate the synodical rewJutians of the So- 
ielUte$ of Jupiter, (conducted by a wheel whose revolution is 
made in 24 hours = 86400 seconds.) 

Dtijt h. m. ■. th. 

i PtWMM>l« ^ SI 1A1 1 

FimStelUte { *™; J 76 S}= 118 28 35 37 
Second Satellite {^"iJ iS {7}= 3 13 17 63 41 
Third Satellite { ^^^ J» l\}= 7 3 59 86 33.1 

Fo«,hs.teiii..{^ e* re}^ww « *»3 

Sjmodical revolution of Jupiter firom a mover of 7 days. 

Pinions 6 61 1 _ ^^ -^ ,^ «. 

WheeU 132 158)"^''^ " ** ^ 



i^-i»« 



TABLE rV. 



Wheel Work employed to produce the different motions and rsvo- 

kitions of the Moon. 

Dftyi h. HL •• til. 
Periodicil revolution fPinkms 3 20 191 _ ^y, 17 ^o ^ o£i 
frw a mover of 24 hours \ Wheels 23 37 61j- »7 7 « « 5Cat 
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Wheel work for the revo- J p. . g 8 lo) ^^'* ^ ™' 

lutionof theapogeeof the^ ^j^^^ g^ jg- jm«^ =3281 8 33 

moon^ mover of 24 hours f 3 

Days. h. m. 

Mover of 27 7 43 {^^ JJ ^J jfj} = 3281 8 44 

Revolution of the nodes (Pinions 25 59) «tq« <; 

by a wheel N = "[ Wheels 106 269 j - ^'^ ^ 



YTA^e/ UTorft calculated (as the preceding was) by A. Janvier, to 
obtain an annual revolution of the Earthy exactly conformable 
to that of the present Astronomical Tables, 

Days h. m. s. 

Pinions 10 12 16 1_ ^aic ^ >iq >lq 
Wheels 47 58 269/- 3^ 5 48 48 



/ 1. 



TABLE V. 



A set of Numbers for Wheels and Pinions, as given by Dr. Pear-- 
sonj to produce the time of the Revolutions of Jupiter's Saiel- 
litesy from a mover of 24 hours. 



Sau 


Whc^k and Pinions. 


Periods. 


Errors in 24 Hours. 


Ist. 


^ of 24 hours. 


Dayi. h. m. •. 

1 18 27 41 


m. 1. 

— 30.7 


2d. 


g of ditto. 


3 13 20 


+ 36.9 


3d. 


"Y^ of ditto. 


7 4 


+ 3.4 


4th. 


• 


16 18 


— 18.0 



The seconds in a di^ ate 8640Q, and 96400x60-i^s3 158861 .54 se- 
conds = 1 day, 18 hours, 27 minutes, 41 fv seconds. 
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ThefMoming art the nrnmher^ which have alreadjf been given of 

Janvier* 8f mhf differentiy arranged. 



8m. 


TnuM. 


Pariod* pnidiioad. 


1st. 


Jx5Jx^of24hour8. 


D. h. a, li Ou 

1 18 28 35 37 


2d. 


11 13^19 ... 
^X^Xj^ of ditto. 


3 13 17 53 41 


3d. 


^x g of ditto. 


7 3 69 35 33 


*th. 


-fX yj of ditto. 


16 18 5 4 13 



A Table of the numbers qfthe tcheeU and pinions to give the revo- 
lutions qf Jupiter* s Satellites^ as calctUated by Dr. Pearson^ 
the 9th Aprils 1805^ from a mover of seven days. 



8m. 


Tnint. 


Synodic Ptrioda. 
D. h. m. •. 

I 18 28 36.4066 


lit 


gyX 85 of 7 day.. 


2d. 


«1 21 -,.^, 
29^ 87 '^'^^^ 


3 13 17 54.4352 


Sd. 


139 32 - ,.^ 
^-x J03 ofditto. 


7 3 59 35.8955 


4th. 


^X gy ofditto. 


16 18 5 2.4482 



The periods produced bjr the numbers in the above Table approach 
80 nearly to those given as the result of a great many observations, 
that they may be depended upon as the nearest approximation to 
trutL 

Let the train for the first satellite in the last uUe be taken as an 
example, where the |Hnions are 49 and 25, and the wheels 57 and 
85. The wheek S^ and 85, mult^lied into one another, give finr 
pvodnct 4645, and the psodnct of the pimoiia, multiplied togethff, ia 
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1225 
1225, bf whkH> ib^y be«9«l^ Uk« firactkia ^B;g of ,s«y«n d^ys* MvL 

tiply then the numerator 1C25 by T, die days^ divi^ the product by 
the denominator 4845, the quotient will be 1 daj ; the r e mai nder^ 
multiplied by 24, the hours in a day, this product, dividad again by 
484^, the quotient, will be 18 hours. Multiply the next remainder 
by 00, for minutes, and divide the pvoduct t^ tbeftrmtfr divisoi^ and 
the quotient will be 28 minutes, the last remninder behgi multiplied 
by 00, for seconds, and thi$, divided as before, will be- 36.4086 se- 
conds. The fifst wheel miaking only one rrvohifioa ui $evei!^ dagrs, 
makes it necessary to multiply the numerator by seven. 

We AiU coiiclu^ this chapter by taking tb« liberty if giving Dr. 
Peafson^s valuable process |br obtaining numbers to gf^ the revolu* 
tion lof the Georirian. 

Dr. Pearson says, " We come lastly to tBre tropcall rejvohitibn of 
the Georgian planet, which we have seen revolves through the eclip- 
tic in 30589 35208 days, and its numbers may be ascertained by the 
following process : 



Divison. 



385.2^22 



30589.35206 
2921937777 
I3690I74S1 
109572666 



274247«l 



m9«T 



126391 



I . ■.'i.jTi 



12QaS!ft 



«» 



Diyidends. 



965242B2 
27424764 



^» »- « - 



27^4764 
27298373 




2K^KII 
ISBBOi 



i 



125606. 

r III! ir 

1836196 



Quotients. 



83 



1 



71 



. 



V 



181 



Formiilse. 



Ratios. 



83x0+1 



IxfflkfT 

ix HO' 

3x 1+ 1 

71x335+84 
7\m 4 +• 1 



1x23869+335 
• Ix «»• + 4 



0^ 
I 

J_ 


1 



84 

T 

335. 
4 

23869 
285 



. I 



24204» 



^ The value of thekst ndo ofthb series it equal to SaTSOMM 
tropical yean, which differs from the exact truth only unity in the 
•erenth place of decimals, but unfortunately it is not reducible into 

lower numbers than — j^r^i vid the numciaior of the next pre- 

ee£ng ratio is a prime number, so that we must either use .^^,which 

has been before determined, or otherwise labstitute another quotient 
&r 71- The most convenient, we find from a few triak, will be 66, 

which giTes the ratio —^^ , the value of which ii a revolution in 
83.750943 tropical years, or 30589 days, 9 hours, 8 minutes, 10.7 
seconds, and is capable of forming the train V?.'^ 

These examples of all the primary planets given at full length, and 
accompanied by our remarks on them, will eoabitf any well educated 
instrument-maker to ascertain wheel work fimn any odier data, which 
he may have occasion to employ, and will serve, at die same time, to 
show that the two methods of approximating towards the truth, 
where the original numbers run too high for construction in prac- 
tice, supply the defects of each other in particular cases, but generally 
come, by different results, to the same mark,** 

In this subject, it may contribute greatly to assist the artist with 
die management of figures, by givii^ an example ftofi thf same emi- 
nent master before quoted, which we shall also U^ the liberty of 
traoscrilnng : 

^ When a simple motion is produced by means oFone wheel and a 
corresponding pinion, let the number of teeth wMeh each contains, 
be carefully counted and noted down, and also wnich of the two is 
the driver ; the numbers of the wheel and pinion will constitute a 
ratio, which is a fraction of that time, proper or improper, according 
as the driver is the greatev or sn|i^lfr number,^ whifh driver must 
be in all instances the denominator. The value qf ^e fraction thus 
constituted, it will be superfluous to scientific readers to say, is found 
by multiplying the assumed time of a revolution ef the first mover 
by the numerator, and dividing by the denominaior, the remainders 
being reduced to their next lowest denomination of time, afVer every 
ncoessful division. 

^ An example will render this simple case intelligible by every 
reader. 

"^ Suppose that a wheel, consisting of 75 teeth, and revolving once 
IB a tropical year, drives a pinion of 6 ; and that it be required to 



60 FINDING THE TIME OF A ft EVOLUTION. 

know in what tiine the latter rerolves? the work at iiill length will 
atandthus: 

D. li. m. R. 

365.34232 = 365 5 48 4« 
6 



75)2191.45333(29 days. 
150 



691 
675 

16.45333 
24 

6581333 
32906666 

75)394.87999(5 hours. 
375 



1987999 
60 

75)1192.79999(15 minutes. 
76 



442 
375 

67.79999 
60 

75)4067.99999(54.24 oeconds. 
376 

317 
300 

17.9 
160 

299 
30 



DftlTEB, THE DENOMINATOR. 81 

'' Hence it appears, that ^V^hs of 365.24222 days is equal to 29 
days, 5 hours, 15 minutes, 54.24 seconds. The computation may be 
sometimes abridged, by ooDTertmg tbe Tulgar fraction into a deci- 
mal, where there is no remainder, and then multiplying thereby 
iBstead of dividing. Thus : 

365.24222 
.08 



75)6.00(.08 29.2193777 clays. 

600 24 



8775111 
43875555 



5.2650666 hours 
60 



15.9040000 minutes. 
60 



54.2400000 seconds. 






Either of these methods may be used with a like result. 

If, instead of the wheel, we male the pinion the driver or deno- 
minator of the fraction, the motion of the second mover will be re- 
tarded, for Vths of 365.24222 days is equal to 4565 days, 12 hours, 
40 minutes. This difference in the two revolutions, when the parts 
of the fraction are reversed, points out the necessity of attending very 
accurately to the circumstance of the driver being made the denami- 
naior of the fractionT' 
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CHAPTER V, 

On Wheel Teeth, their Shape ; the PropottM^nal Sbtea of Wkmh^ 
to Pinions, and of Pinions to Wheels, with the Distances which 
their Centres ought fo Amm^^ so as to form proper PitchingSy 
partly from Berthoudts Essai. 

OV TKE LEVER. 

DefhtitioTi. 

A B (Plate II. No. 6.) is supposed an inflexible rod, to the ends of 
which are attached two bodies F and p without gravity, and that the 
rod is made to turn out a fixod point H, the body P describing the 
arc A a, the body p nill describe the arc B 6 ; it is evident that the 
arcs A a, B 6, are ia the proportion of the distances H A, H B ; 
for example^ dnb is, if B H is double, triple, &c. of A H, B 6 will 
be double, triple, &ei of A a ; then the body p will turn with a velo- 
city double, triple^ &c. of that of the body P ; then if these bodies 
are equal, to stop suddenly the bodyp, would require a force double^ 
triple, &c. of that which would be necessary to stop suddenly the 
body P. If the body p is triple of the body P, it is evident that 
P always describing A a, and p, B 6, we might, in place of the body 
p, suppose three massei equal to P, each inq)ressed with the vetoci^ 
B b, and then the force required to stop p, wilt be triple of what it 
ought ta have been in the preceding case ;. but if the mass p, in place 
of being triple of P, is,, on the contrary, only a third, the force re- 
quired to stop it, must be three times less than ia the same case pre- 
ceding, and it will be equal to that which would stop the body F, the 
distance H B being triple of the distance A H ; if the mass p, on 
the other hand, is the third of the mass P, these masses can each be 
stopped by the same force, then each could stop the other. If we 
imagine these two masses to have weight, their efforts to turn being 
now directly opposite and equal, they will mutually be in equilibrium. 
For a like reason, it will be seen, that if the distance B H is quad- 
ruple, quintuple, &c. of the distance A H, and the mass p, the fourth, 
the fifth, &c. of the mass P, they will make an equilibrium, from 
whence is deduced, in general, this principle. If two masses P and 
p, attached to the ends of an inflexible rod A B, are such that the 
mass P contains as many times the mass p as the arm of the lever 
H B contains the arm A H, they will be in equilibrium. 
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Of Wheels and Pinions. 

If fOund a point H, (No. 8.) are described two circles A o, B 6, 
which have for radius the kngths A Hf and II ii| as levers, 
(H B is supposed triple of A H,) and on whoso circumferences are 
wiipped round as on |lalleysf whose oentre is at II, two threads chirg- 
ed with the weights P attd p ; these weights will remain in equlibri- 
nm if the mass p is to that ofP, asHA is toHB; and if it is 
rec|iiired to impress oti the weight P, a force capable of making it 
&11 in a given time from P to C, so that the point A comes to o, 
then must the weight p rise to d, and the point B comes to b ; the 
weight Pf would consequently go through thrte times more space than 
the Weight P. From whence it follows, that any motion which should 
be impressed on the weight P, would be exactly compensated by that 
whidi would result from it iit the wdght p, and that tlius these two 
wsighta cahnot fiul to maintain an equilibriuln, or restore themsdves 
to il^ if after being pilt in motion they are left at liberty ; since ac- 
ootding to the supposition, A m and B 6 are pulleys ; and conse- 
qasntly H A is eqiiil to H ^i and H B is equal to H b. 

It again follows, that when two bodies are in equilibrium, the te* 
laciiy which they aeqiiire by any motion being communicated to them^ 
me in the inverse ratio of their masses. Now, if the weight p is taken 
away^ the weight P will pull the lever and the drcumferetice A, and 
wnske the point 6 turn with a force capable of communicating an ao- 
lion of one pound (the supposed weight of the body p) so in place 
of the circumference B 6, let us imagine the radii, or levers H B, 
H ip fcc. (No. 9.) and equally distant from one another, each of 
Ame levers will act with a force of one pound. It is in considering 
die levers imder this point of view, that this circumference becomes 
a wheel, and each radius, or lever, will be a tooth ; if we make a se- 
€oud wheeU or pinion C, which has radii, or teeth, equally distant 
from one another, as diose of the whed B ; that is to say, that the 
nunber of the teeth of C, is to those of B as the circtunference of 
C ia to that of B, and that the pinion is placed so, that the teeth of 
dM wheel can act on those of the pinion, (as in the figure,) the teeth 
cf the whed will communicate to the teeth of the pinion the foree 
which they have ;^ so that if a weight of one pound is applied to 

' ThOTV Si no aoeounc uken in here, of the deoompo«iti(»n of the foros in the pitcfa- 
ii^ nA the Crictioe which SriKi ttrnk ft, which ilwacyt diminiAhet s pkrt of the weiglit 
Ps It b nftdent for the ftHemt^ fo rieir the wherii ti if they w*rA wMheut weiglit, 
md i ^hm lrict ie« f At wm doM with the tanpli lerer, mtffomi tebe withodt ^mTif^. 
Ib dM Mfori win he tesa, what the corre ought to be, which tenniiistsi the teeth ef 
whedin^ltMie/fbloiM. 
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the circumference, it will be in equilibrium with that of P, nothing 
having been done to change the equilibrium which formerly exist- 
ed; and if the wheel and pinion are made to move, the circum- 
ference of the pinion will describe the same space as that of the 
wheel, since each of its teeth are equally distant among themselves 
as those of the wheel ; and the number of the revolutions of the 
pinion, will be to those of the wheel, as the circumference of the 
pinion is to that of the wheel ; but the circumferences of circles 
being to one another as their diameters, or radii, the number of the 
revolutions of the pinion C, will be to that of the wheel B^ as C ci 
is to B H. 

Having seen that a wheel which drives a pinion, communicates to 
the circumference of the pinion the same force which it has ; let there 
then be a wheel and a pinion, that we have supposed to have the force 
of one pound at their circumferences; if to the centre C of this pini- 
on, is fixed a wheel D, three times larger than the pinion, it wUl de- 
scribe three times more space, and will have three times more velo- 
city than the pinion ; to make equiUbrium with the weight P, there 
must be applied at the point D of the wheel, a weight only three times 
lighter than p, and consequently nine times lighter than P. The 
point D goes then nine times quicker, and describes a space nine times 
greater than the point A. Let us now proceed to the way of finding 
this force, in wheel work composed of several wheels, and in a gene^ 
ral way. 

Remarks. 

It has just now been shewn, that the diameters, or the circumferen- 
ces of a wheel, and of a pinion pitched into this wheel being given, the 
number of the revolutions of the pinion for one of the wheel, is de* 
termined by that which expresses, how many times the diameter of 
the pinion is contained in that of the wheel. That being done, the 
number of the teeth of one of these two, that is, either of the wheel, 
or of the pinion, is arbitrary ; and we can at pleasure give to a wheel 
100, 200, &c. teeth, or any other number whatever ; but then, the 
number of the teeth of the pinion must be contained in the number 
of the teeth of the wheel, as many times as the circumference of the 
Wheel contains that of the pinion ; for example, on a pinion which is 
ten times smaller than the wheel which drives it, may be put indif- 
ferently six, eight, ten, twelve, fifteen, twenty teeth, &c. provided 
that the wheel has always ten times as many ; from which it follows, 
that a wheel and its diameter being given, as also the number of the 
turns of the pinion which it conducts, the diameter of the pinion is 
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detenniiied. The following proposition will serve to show, how the 
force tnnsmitted (by any power or weight applied ) to the last wheel 
of any wheel-work ought to be calculated. 

Propotntion. 

The space described by D (No. 9 ) is to the space dcMcribed by 
B, as the length C D is to C c/ ; which is a consequence of what 
has been shewn, that the space described by the pinion C is the same 
as that of the wheel B ; and if D C = B II, the Kpacc (tesmbed l)y 
D will be to the space decribed by B, as C </ is to B II, and the 
number of the rerolutions of the pinion C, is to that of the wheel B, 
asCdistoBH: So in order that the velocity of 1) may lie to the 
▼ekcity of B, as the number of the revolutions of the pinion C is 
to that of B, the wheel D must have the same diamcUT as the wheel 
B, to which the weight is applied ; and, in this case, the force trans- 
mitted to the wheel D by the weight p, is to the weight p as the 
munber of the revolutions of the pinion C is to that of the wheel B. 

We hsve seen that when two bodies are in equilibrium, their ve- 
locities must be in the inverse ratio of their masses : now, when it is 
wanted to have the velocity of any wheel whatever, in an assemblage 
of wheda, we must not only compare its revolutions with the wheel 
where the weight is applied, but must compare the diameters of lK>tli 
wheels : For it is plain, that if the wheel D is supposed greater than 
B, the space described by D will no longer Ix; in the proportion of 
the revolution of the pinion C, and consequently there will no longer 
be an equilibrium, the gravity of the weight 7 will be too much, and 
win not be to that of p, as the number of the revoluti(ms of the pi- 
nion C is to that of the wheel ; and, on the contrar}-, if the wheel D 
is smaller than B, the weight q will be too little to make equilibrium 
with p ; for the space described by 1) will no longer be to the s]>acc 
described by B, as the number of the revolutions of C is to B. 

It will in Hke manner be shewn, that whatever be the numl>er of 
wbeds and pinions, to find the force transmitted to the last wheel, the 
revolutioiis must not only be compared, but also the diameters of the 
fiist and last wheels, in order to know the spaces described, seeing the 
levolutions do not suffice to give the velocity. 

We shall then draw from this, a rule, to find the force transmitted 
to the circumference of a wheel, and shall suppose the last wheel of 
the same diameter as the first ; we then will nuike the proportion : 
The weight P, applied to the circumference of the first wheel, is to 
die weight p, which must be applied to the circumference of the last 
wheel to make equilibrimn, as the number of revolutions of this last 
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wbeel in 9 given time, is to the number of revolutions of die first is 
Ae $iime time. The veight p being found, tbi|t, required lo make 
equilibrium will easily be deduced, when the Utt wheel shell be ei«^ 
ther of a greater or smaller diameter than that of the first, because, if 
the last wheel of a wheel-work was five times smaller than the first, 
i$ would describe five times leqs spi^ tbsn if H hpd been of an fqual 
diai^eter, and cou^uently the weight r^uived, must be 4ve tP^et 
heavier. 

We have supposed, that the weight P was applied to the mvamm 
ferenoe of the first wheel ; but it frequently happens, that it acts only 
on the circumference of a cylinder concentric with the first wheel, aad 
9maUer ; then it is seen that the weight or force apjdied to the eivv 
cumfisrence of the cylinder, is to the force communicated to the ciiw 
eumference of the wheel, as the diameter of the wheel is to the diAt 
meter of the cylinder ; that is to say, if the diameter of the cjw 
Under is only half of that of the wheel, the force transmitted to the 
circumference of the wheel B, will only be the half of that of the 
weight P, and so of others. 

Let this principle be now applied to find the force tfansmitled to 
the last wheel £, of an assemblage of wheels for a dock movemenl^ 
giving seconds, which is represented in No. 7. And fiiet, to ealciii«> 
late the number of the revolutions of the pinion d, which oimea the 
wheel £, for one of the wheel A. 

The wheel A of 84 teeth, pitches with the {Anion a of twelw 
leaves, which makes 7 turns for one of the wheel A. 

The wheel B of 80 teeth, pitches with the pinion 6 of 10, which 
makes 8 turns for one of B, and 7 multiplied by 8, gives 56, Urn 
number of turns made by the pinion h of 10 for one of the wheel A- 

The wheel C of 80, pitches with the pinion c of 10, making 8 
turns for one of the wheel C, and 56 multiplied by 8, g^ves 448 
turns to the pinion c for one of the wheel A. 

The wheel D of 75, pitches with the pinion d of 10, making 7| 
turns for one of the wheel D, and 448, multiplied by 7-5, givea 3960 
turns to the pinion d for one of the wheel A. 

The pinion d, and the wheel £ which it carries, make 3360 lunis 
in the time that the wheel A makes one, which is easily seen ; for 
the wheel B makes ^ turns for one of the wheel A, and the pinion k 
makes 8 turns for one of the wheel B ; this pinion 6, aa well aa the 
wheel C which it carries, make then 66 turns in die time fhat the 
wheel A makes one, since? turns ef the wheel B, ipultililiod bjr A ef 
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the {nnkm A, make 56 ; moreoter, the pinioii c makefl 8 turns for one 
of die ptniofn 6 «nd of the wheel C ; 00, multiplying the 56 tunu of 
the wheel C hjr the 8 turns of the pinion c, will gire 448 tuniB of 
the pnion e and pf the wheel D, daring one of the wheel A ; and. 
It eadi torn of the wheel D, the pinion d makes ^ tonis and a half; 
sod 448 turns of the wheel D must be multiplied by y^ the turns 
wUch it gives to the pinion ef, and we shall bare 8860, the number 
of turns of the pinion d^ (and of the wheel E which it carries) for 
one of the first wheel. 

If it is wanted to know the time^ which the first wheel takes to make 
one turn, this will depend on that, which the last wheel E takes to 
make one revolution ; for the wheel A will always be 8360 times 
ki^;er, in making one turn than the wheel E, since this last makes 
8360 times more turns ; if then, the wheel £ is supposed to make 
cne torn in a minute, the wheel A will make one in S360 minutes. To 
know how many hours this makes, we must divide it by 60, (ike 
mtmber qfminuiet in an hour^) and we find 56 hours for the quo- 
tient, which is 2 days and 8 hours to make one revolution. 

To find how much force the weight P will transmit to the circum- 
ference of the wheel £, let it be supposed to weigh 19 pounds, and 
Aat the diameter of the cylinder F is to that of the wheel A as 8 is 
to 12, or 2 to 3. In this supposition, the weight will act at the cir- 
cufflfmuce of the wheel A with 8 pounds, which make 128 ounces 
= 1024 gros, or 73728 grains. Make then the following proportion : 
The force which is exerted at the circumference of the wheel A, is to 
the fbffoe which it communicates to the wheel E, fcsll this force ^t^J 
si^iposed of the same diameter, as the number of the revolutions of 
the wheel E, is to the number of the revolutions of the wheel A, 
or 737^ '^- - 3360 : 1, multiplying the extremes, and dividing by 
the mean term known, thenrahie of « is found to be 21-f|^ grains, 
and the fraction being reduced, we have 21 |f grains ; this is then 
the force, which would be transmitted to the* wheel E, if it was of 
the same diameter as the wheel A : but, in supposing it three tiroes 
smaller, the weight p which is applied to it, describes then three 
times less space, so as to make it in eqdfibrium with the weight P ; it 
must be triple of that which has been found in the preceding calcula- 
tion; it must then be 65^^ grains. 

We shall insert what has been done in this way by a very inge- 
mous fHend. The clock was a month one, having the same number 
of wheels as in No. ^. The semi-diameter of the barrel being .98Sf 
imkt has one half of the power of the weight appfied to its circuB- 
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ference, (the gut passing below the pulley of the weight, and being 
brought up, is supposed to be fastened to the seat-board of the dock,) 
the whole weight being 24 lb. = 168000 grains ; the quantity acting 
on the circumference of the barrel, is there stated at 84000 grains, 
which, at the extremity of the great wheel of 1.662t inch semi- 
diameter, becomes = 49642.1 grains. This force being communis 
cated to the circumference of the second wheel pinion of .293^^ inch 
semi-diameter, and thence to the circumference of the second wheel 
of 1.299 inch semi-diameter, becomes = 1 1216.3 griuns ; and in like 
manner this too, and from the third wheel pinion of .182 semi-dia- 
meter, to the extremity of the third wheel of I.I7I inch semi-diameter, 
is reduced to = 1743.2 grains ; and so by the fourth wheel pinion 
of .166 semi-diameter, to the circumference of the fourth wheel of 
I.006j- inch semi-diameter, becomes =: 287.5 grains ; and, lastly, 
through the swing wheel pinion of .153? semi-diameter, to the cir- 
cumference of that wheel which has ^9^2i inch in semi-diameter, it 
becomes equal to 45.4 grains nearly. This seems to be the calcu- 
lated power transmitted, without any allowance for friction, or any 
other retarding cause ; and say, that we should deduct on these ac- 
counts about one third of the calculated force, the 45.4 grains may 
then be estimated about 30 grains. He adopted the plan of calcu- 
lating the force transmitted from the lengths of the levers, in pre- 
ference to the mode used of multiplyyig the numbers of the pinions 
together, and with their product, dividing the amount of the wheel 
teeth, whereby, to get at once a divisor, with which to divide the 
power at the circumference of the great wheel. After having made 
the foregoing calculation, he set to try how far they would agree. It 
was somewhat flattering to see their exact similarity. 

Pinions 135.6x 166 X 182x29a5 = 1361118577. 
Wheels 972.5x1006.5x1171x1299 = 1488913400191.25. 
1488913400191.25-^-1361118577 = 1093.9. 

Now, if we divide the power of 49642.1 grains, being that which 
is at the circumference of the great wheel, by the above quotient 
1093.9 obtained by dividing the product of the numbers of the wheds^i 
by the product of the numbers of the pinions, we get the exact same 
result, as was got by treating the wheels as levers, viz. 45.4 grains 
nearly, for the power transmitted to the circumference of the swing 
wheel, which should, in the same manner, be reduced on account of 
friction ; so, we may conclude, the actual force transmitted will be 
nearly 30 grains at the extremity of the swing wheel .teeth. 
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Remarks. 

It is not enough to have calculated the force transmitted by the 
mover to the last wheel of any wheel-work ; there must also be de- 
ducticm made for the friction^ and the resistance caused by the in- 
ertia or inacdvity of the wheela. This last consideration is very es- 
sential ; toTy previous to, and even after the termination of each vi- 
bration of the pendulum, the wheels have an instant of rest,^ so that 
the fioree which puts them in motion, is renewed at every vibration, 
and draws the wheels from a state of rest. The friction caused by 
the weight of the wheels and their inertia, then, requires a surplus 
of fiirce beyond the quantity which has been calculated. 

These two quantities, the force necessary to overcome the resist- 
iDoe caused by the inertia, and the force to overcome friction, in* 
crease so much the more, as the wheels are heavy, and have more 
velocity. It is dien very essential to reduce the wheels to their 
iesst weight; for this purpose they ought to be made very small, 
idudi ia possible, particularly with the last wheels, which have little 
effinrt to overcome ; and, as high numbered pinions require, that the 
wheels which drive them should be of the greatest diameter, it is 
better, with the latter wheels, to use pinions of six or eight only, 
ftn regard to the pitctUngSj by forming good curve4t to the teethy 
thef may be made as perfect as if the pinions were of a higher 
number.) Thus the wheels may be reduced to their smallest dia^ 
meters, and consequently to the least weight ; the motive force will 
then become more constant, and be reduced to the smallest quantity. 
If it is required to nudce the wheds large, they must have the great- 
est numbers possible, without, however, having weak teeth ; and 
making them pitch only with pinions of a low number, diminishes 
their revolutions, or rather the spaces in which the wheels revolve. 

Of the Pitchings of WheeU and Pinions. 

The perfection of Pitchings is a part so essential in machines, par- 
Ucularly in those which measure time, such as clocks and watches, 
that too much care and attention cannot be given to them. It has 
been thought necessary to mention here the effects, which result in 
wstches from bad pitchings, and to give afterwards, the principles on 
which the theory of pitching is foimdcd, and, finally, to shew the 
means of nudcing good pitchings. 



* This CMC U ehicij with the 6md hmi ^SBKfetMni i with the reooiliag one, if the 
hsm tmj fist, it vmy bs wM t» bs aMNMotary iadctd. 
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Inquiry into the effects which arise from bad Pitchings. 

When the curves of the teeth are badly made, the whed driven 
the pinion with different degrees of force, from whence it happens : 
Isiy (if this wheel communicates its force to a balance,) that the ba- 
lance loses its isochronism, or, which is the same thing, that it vi- 
brates with different degrees of velocity, and that the time of the vi* 
bration changes according to the different actions of the wheel on die 
pinion. 2d, That the force of the mover to turn the pinion ought to 
be greater, than it would be requisite if the wheel made the pinion to 
turn in an uniferm manner : this excess of motive force, of itself alone^ 
tends (independently qf other variatione,) to destroy the machine 
by the flricdon which it causes, and these at length produce varinr* 
tions to the regulator. If a wheel drives a {union which is too large, 
or, which is the same, whose teeth or leaves are more distant firom 
one another, than those of the wheel, the force communicated by 
die wheel, will in part be destroyed by the leaves of the pinion, which 
butt against the wheel teeth; this force so destroyed will reqture 
that a greater motive force be used, to keep up the motion of the 
machine, firom which will result friction, wearing, variations, &c. 

If a wheel drives a pinion which is too smaU, or whose teeth or 
leaves are less distant than those in the wheel, it will happen that a 
tooth of the wheel acting on a lever or tooth too short, the pinion 
will turn with less force, and more velocity, as wiU be seen after* 
wiffds ! It will i^ain follow from this, that a part of the force of the 
wheel is lost, by the drop or fall of the tooth driving, to that of the 
next which it is to drive ; the pinion will then turn with a part only 
of the force of the wheel : thus the mover will require to have • 
greater power, than it would have required, if the wheel drove the 
pinion uniformly ; this excess of force, and inequalities of the pitch- 
ings, will tend to destroy the machine, and to make it vary, &c. as 
stated above. 

And, kutly^ wheel-work being composed of wheels and pinions, 
who^e pitcbiog^ are bad, in certain movements, each wheel will act on 
Ub pinion with the greatest advantage, then, the force transmitted to 
tli^ regulator will be the ipreateet possible : and in other instances, 
each wheel acting on its pinion with the least advantage, the force of 
the mover will be, as it were almost annihilated : the regulator (jpen- 
dulum, or balance^) will receive only small impulsions: now, the 
force of the mover ought to be anfficieiit for the least favourable case 
in the pitchbgs ; it is then too great in the most fovouraUe case ; 
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from wheoet criMs the inoomrtniencies which have been thready re» 
markai. 

Upon the whole, thif u what results from badly made pitduogs ; 
the next will show how wheels ought to act on their pinions, and to 
determine the finrm of the teeth of wheds, so as they shall drive the 
fsaim unifermly, in such a way as to communicate to it all the power 
e# the moTer, 



IkmmsiraHan of PUehimg, Cf the proper cureeM ^ lAe teeih ^ 
Wkmk^ mnd kac€$ of Pinum%y and the numner qftracimg tketm. 

Let it be supposed that two angular levers^^ i A D and h aC^ 
(Plate II. No. 10.) moveable on two fixed points A a, having each a 
constant arm A D, a C^ drawn on the line A Oy which joins the points 
of support, and loaded at their extremities with the constant weights 
Pp, and each a variable arm, A 6, a 6, so that their extremities act 
slways reciprocally one on the other ; we say that the two weights 
P p, which make equilibrium in the case, where the two variable arms 
have their point of contact in O, situated in the right line A O, a O, 
win also be in equilibrium when the point 6, where they butt on one 
another, is found in the circumference of a circle, of which A 0, or 
o O, will be the diameter. 

DemofutrtUUm. 

Let 6 n, a perpendicular on b A, {and which represents the small 
ere thai the lever b A tends to describe in an instant^ in turning 
upon A,) eipi e sH the absolute force which is exerted at the extre- 
mity b of the angular lever b AD, by the action of the weight P ; if 
we suppose this fbrce, b n, decomposed into two others, 6 m and ftt, 
one of which, vis. b m, is perpendicular to a c, and the direction of 
which passes through the point of contact, Sj (since the angle ft, 
which has its summit at the circnmfcrence a 6 «, is a right one ;) and 
the other, 6 i, is directed towards 6 A : it is seen that 6 m expres s es 
pert of the fbrce 6n, which is employed to push the point h of the 
lever a c from 6 towards o, and, consequently, to turn the lever a e, 

* The simple lerer^ 6 A D, ba C, for the preient, fhall be oeisldered only as such, 
ia order not to make the nutter too oompUeated, when h shal be showm hew tbejr 
•BSht to dHve oaxCDnDly, whether that the §r«il lerer 4rhnes tha smeU one after the 
iae ef the eentees, or thai the ssmU drives the|p-«at after the Hneof centers, or indeecl, 
whether the great or the smaU lever drires before and after the line of centers : all 
this being weD estahBshed for simple lererf, will be easily applicable to wheeb and 
phaons, whkh are in truth only an aMCoAlige of Isveit. 
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whilst b i expresses that part of the force b n, which tends to push 
the point b towards A, and which is destroyed by the resistance of 
the fixed point A : Now, we say that b n expresses also the absolute 
force, which is exerted at the extremity, 6, of the angular lever, C a 6, 
to oppose the rotation of the point b round the point a ; for, on ac- 
count of the right lines. D P and b n, being perpendicular to the arms 
of the levers A D, A 6, the weight P is to the force 6 n, as A b is to 
A D ; and, in drawing A B perpendicular onbs prolonged, the si- 
milar triangles, nbm^ and A 6 B, give bn: bm :: AB: A 6, thea 
{in multiplying with order ^) P:6m::AB:AD; moreover, let 
ai be called the absolute force, with which the weight p tends to turn 
the point 6 in a direction opposite to ft o, and we shall have p i w : : 
ab : a 0, or, on account of the similar triangles a 6 O, A B O, as 
A B to A O ; but, in the supposition that the two weights p and P 
can be in equilibrium, when they communicate their actions by the 
point O, we can, on account of the arms of the equal levers a C, a O, 
suppose that the weight p is suspended at the point O : so then, 
P : p : : A O : A D ; then, by multiplying in order, P : j? : : A B : 
A D ; now it has been proved that P:m6::AB:AD; then 
h m =^x: then will there be an equilibrium, since the force 6 m is 
equal to the force, with which the point 6 is urged to turn by the 
weight P ; it is likewise shown that there will be an equilibrium 
there, since the levers A 6, a ft, will communicate their forces by 
another ^>oint u of the circumference a b u O. 

Corollary I. 

* 

If by the points O (No. 10. and 11.) from the centers A a of mor 

tion, we describe the circles R, X, and suppose that one of the 
circles acts with the other, by a pitching of infinitely small teeth, the 

weights P, Pf will remain in equilibrium ; and if the circle R, for 
example, goes uniformly, the circle X will also move uniformly : for, 
1st, the teeth being infinitely small, the radii A O, a O, by which 
these teeth act, will be always of the same length, and the action of 
the weights p and P will always be applied in the same manner, hence 
there will be always an equilibrium. 2d, If one of these circles is 
moved with an uniform force, so will the other be : for each point of 
one circle will apply itself successively to all the points of the other, 
80 that the space described by a point O, situated in tlie circumfe- 
rence of one, will be equal to that of O, situated in the circumference 
of the other ; and this space being the same, as well as the time of 
motion, the velocities of the circles R, X, will also be the same, from 
whence follows uniformity of motion. 
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The radii A O, a O, of the circles R, X, which express the ratio 
<^the revolutions, are called the primiHpe radii. 

« 

COEOLLARY II. 

The point b (No. 10.) by which the lever & A D conducts the 
lever b A C, being always supposed in the circumference a 6 O, the 
primitive circles tend to turn with the same force and the same velo- 
city; for, 1st, Let F,/, be the forces with which in this case they 
tend to turn the circumference of the circle R, and that of X, we 
shall have 6n : F : : A O : A fc, and /: b m : : a b : a c, ornO; 
besides, it has been seen above, that b m : b n : : A b : AB; then 
/:F::AOxa6:aOxAB: and the similar triangles, a 6 O, 
and A B O, give aO:AO::a6:AB; then aOxAB=:AO 
X a b; then/ = F : and the circle R being moved with an uniform 
■otion, the circle X will also be moved with an uniform motion. 8d, 
Whatever be the velocity at the point b of the lever D A 6, that 
vhidi it will communicate to the lever 6 a C, following the perpen- 
ficolar 6 m to the point of contact, must be the same as that of the 
point b in the same direction ; and if we let fall the perpendicular 
n 0, the velocity following b n will be represented by b n, and the 
▼dodty following b m will be represented by b o. Moreover, let V 
be the velocity of the circumference R of the wheel, and u that of the 
circumference X of the pinion, it is evident that V : 6 n : : A O : 
A b and bo : u :: ab : a Cy or aO; besides the similar triangles 
hnoy and A 6 B give 67i:6o::A6:AB; then V : t< : : A O x 
s 6 : a O X A B ; and these two last products are equal, as hath al- 
ready been seen ; then u = F. 

COKOLLAEY III. 

If the point 6 (No. 11.) where the lever D A 6 acts on the lever 
1 6c, ia not situated in the circumference of a circle described on a O, 
or on A O ; if it was, for example, placed within, as at gy or without, 
Mat hy the weights T p will no longer be in equilibrium : to prove 
it, draw the line n h perpendicular to the lever ab c; then, according 
to what haa been said above, we have 



P : An : 


: A A : 


AD 


h n: km : 


: A iT : 


AA 


p: P : 


: AD: 


AO 


» • p : 


: a : 


a A 
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In calling » the force with which the weight 'p tends to turn the 
point h in the opposite direction to ah^yre have %i htn : : Awx 
aO : AOx ah: now, it is easy to show, that if the point h is not 
on the circle abO, the product A ,r x a O can never be equal to the 
product A O X a A ; then z can never (in the same suppasUionj) be 
equal to Am-; hence there can be no equiUbrium. 

Corollary IV. — No. 11. 

Things remaining the same as in the preceding Corollaryt it will 
be shown, in a manner analagoua to that which has been used in the 
Second Corollary^ that the forces with which the primitive drcttm- 
ferences tend to move one another, cannot be equal ; and, as the ve- 
lodty of one being uniform, that of the other cannot be so i then the 
point A, (No. 11.) by which the lever A h pushes the lever ae^ 
cannot be at a distance from A| which is always the same^ since there 
would be an ii^nity of cases where this point would not be in the 
circumference a 6 O, which is, however, necessary for uidfennity of 
motion ; then the figure which ought to be given to the teetli of » 
wheel, to conduct uniformly the right lined leaf of a pinion^ eaAnOf 
be a right line. 

Corollary V. — Plate II. (A.) Fig. 1. 

Finally, if the lever prolonged A O ^, is formed by a carve 
b 9[' r N^ which is such, that when a fixed point, N, of the cir- 
cle R, shall have described any space O N, the lever a c touches 
this curve in a point 6, which is on the circumference abOf and ao 
placed, that the arc 6 may be eqiKdto the arc O N ; then this lever 
will conduct the pinion with an uniform velocity and force ^ for the 
arc O b being equal to the arc O c, as is easy to be proved, it will 
also be equal to the arc O N ; and, consequently, this point N, and 
the point c, will have described equal spaces in equal times ; from 
whence naturally insults the foUowii^ method to trace the ttgate of 
the teedi of wheels, when they must conduct a pini^i whose leav^ 
are rij^t lines. 

P&OBLSM I« 

A lever, A O, (Fig. 1.) acting (to a lever o O^ on the poifet O 
in the line of centers, and the weights P p, being in equilibrium, it 
is wanted to trace on the end fh^longed of die lever A O, such a 
curve, Otf^b': Ist, That it shaD caialBe the circle X describe a 
space equal to that of tile primitive dfcle R : 8d, That at all the 
points of motion, the w^ghts^ Pf», remain in equilibrium. 
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Soluiiofi. 

With the points A a of the centers of motion of Ibc levers A O, 
a O, and through their point of touching at O, mutt be drmwn the 
primitiTe circles R and X, to divide the circumference of the circle 
X in setting out firom the point O, at pleasure into any number of 
equal arcs, to divide likewise the circle R, in setting out from the 
pcHnt O into a number of equal arcs, which are to the number of 
those of the circle X, as the radius A O is to the radius a O ; in this 
example, the radii being to one another as 3 to 1, and the circle X 
being divided into six equal parts, we divide the circle R into 18 ; if 
then these two circles turn one another bj simply toudung, the circle 
X will atake three turns in the time that the circle R will make one \ 
sad when the point O of the primitive drde X shall have described 
«i src of 60 degrees, as O c, the point O of the primitive circle B 
win have described the space O N, or the arc of 90 degrees : thesw 
two quantities, O c, ON,are then oqual, and express the uBfi)ldnig of 
Ae two circles ; we then divide each space ON, O c, into the samw 
number of equal parts, as into 5, so when the two circles R» X, turn 
one another round by simply touching, each division, 1, 2,3, 4, and 
r, 2", 3', 4^, meet in O, division after division. From the center a, 
kt the lines a c, a 1, 6 8, a 3, a 4, be draw&» which will mark die 
Afferent positicHis of the lever a O, while it turns from O to e ; and 
the points ^ r, s» /, o, express the overphis lengths of the lever AO, 
when it acts on that of o O, in its different positions, a 4, a 3^ a Slf 
a 1 ; if we then draw through these points of intersection, b^ r, a, if 
of the semicitcle a O, portions of a circle, b' by i^ r^ ^ s^ f tj tce« 
these portions of a circle will mark the different lengthsi thai the 
levwr A O moBt have, to drire that of a O unifiDrmly, and we wiU 
cany these lengths, O 6, O r. O a, O /, &c. to 6r b\ 4' r", 3'' /. 
V r, 1" t^t and describe portions of drcks, b\ t\ a", r, which cut 
those idy b^r^ Tfti' s, /' i^ fcc If these intersections are joined by 
■mD cmrve lines, we shall have the curve, b\ /, /, f , u\ 0» idiich 
win fiilfil the conditions required j for when the point O of the pri- 
antive eiide R shall have described the space O Nf the line S" bf 
wiUfiill HI with that of O 6 ; tbiM the weighu P p will be in equi- 
fibriiun, and the primitive circle X will have described the similar 
spne O e. Moreover, when the point O shall have described the 
space O #, die line 4' r", will apply itself en that of O f, and the 
lever a O will hare come to a r 1, the weights will be in equiH- 
brium, and the quures O 1 , O 1', of the primitive circles X, B^ 
be alikey and so on, Sic 
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We shall determine (Fig. 2.) the curve O V «' r' 6', that the lever 
a O ought to have, to lead uniformly the right lined lever A O, by 
making use of ttfe same method, and in applying the same reasonings, 
&c. which served in the case where the great lever drove the small 
one : we shall operate on the great primitive circle R, as was done 
on the circle X ; trace on A O a semi-circle ABO; divide the cir- 
cle X into six equal parts, for example, and the circle R into 18 ; di- 
vide likewise the spaces O c, O N, into similar parts 1, 2, 3, 4 ; 
1', 2^, S', 4' ; and draw, as in the preceding example, the ra^i A c*, 
A 1, A 2, &c. and draw through the points of intersection of the 
semi-circle ABO, portions of circles b tf^r i^^ s tf^t if^ &c which 
will serve to form the curve, by describing firom the points 5", 4", 
3'', 2", &c. portions of circles V r' tf f t^y which cut those of 6' 6, in 
such a manner, that 5" b' is equal to o 6 ; 4'' / to o r ; 3*' y to o ^, 
&c., and drawing through- these points a line, we shall have the curve 
*', r', «', f , O' ; and by the same operations its like, h ¥' if' t' N ; 
by these means in all the points of motion, the weights P p will be 
in equilibrium, and the spaces described by the primitive circles X 
and R will be alike. 

Remarks^ 

The same things will take place, whether the curve O fji t ^ ¥ U 
(Fig. 2.) drives the lever A O from O to B, or that the lever A B 
drives the curve h r" ^' t' N, fipom B to O ; or whether (Fig. 1.) 
the curve O v! t ^ ¥ V drives the lever a O, from O to c, or that Ae 
lever ah c drives the curve h¥' fl' f N, from c to O : but although in 
these different cases, the spaces described by the primitive circles are 
equal, and that the weights P ^ are always in equilibrium, it does not 
follow from thence, that it should be indifferentto cause the levers drive 
before or afler the line of their centres ;* on the contrary, it is always 
preferable to make them drive after the line of the centres^ as when 
the curve O f s' ¥ I/, (Fig, i.) drives the lever a O from O to c ; 
for in this case, if the curve is not of an extreme precision, there 
will only follow from this, inequality of force and of motion ; on 
the* contrary, if the lever drives the curve before the line of the 
centres, there may result from this, butting and friction capable 

* The right line a O A, which goei from the centre of the wheel to the centre of the 
pinion, it called the line of the bentreB : it ii laid, the wheel drives before the line of 
the centres, when a tooth R (Fig. 4.) which advances from R to N, begins to act ob 
the leaf * of the pinion, before that the point s has* come into the right line « O A. 
The whed drives after the line of the centres, after that the point * Is come into th* 
right line a O A, and that the tooth continues to drive the leaf in turning frooiR lo N. 
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to preTent the levers from turning ; the reason of it is, that the 
force of the lever which drives before the line of the centres is de- 
composedy in so much that one part tends to drive, and tlie other is 
destroyed by the centre of the lever, to where a part of the force is 
directed, and so much the more so, tliat as in figure 1, the lever 
ab c will drive the curve b r s t S in a point which is more distant 
from the line of the centres of motion. The line 6 B expresses the 
direction of the force which tends to move, and b A the direction of 
the &roe which is destroyed by the centre A. 

Problem II. 

The number of the teeth of a wheel being given, as well as that of 
the pinion which it must drive, to trace the curve of the teeth of the 
wheel and of the pinion, and to determine the driving before and after 
the line of the centres : Let U N (Plate II. A. Fig. 3.) be the pri- 
mitive circle of the wheel, which shall have 18 teeth, and X that of 
die pinion, which shall have 6 ; divide the circle 11 into 18 parts, 
setting out from the line of the centres a O A, and the circle X into 
6 parts, setting out from the same line ; subdivide into several like 
parts, as into 5, for example, the divisions () N, O e, of the whcel» 
and of the pinion ; these subdivisions will serve to form, by the me- 
thod given in the first Problem, the curve N w' /' ir' / d ; supposing 
dien, the leaf, or tooth of the pinion, must be of the thickness O m, 
divide the arc N 4 remaining of the division of the wheel, into two 
parts N m, n !?», leaving a small distance between n and u for the 
{day or freedom of the pitching ; from the point ni, and centre A of 
the wheel, draw the line A m c/, which will cut the curve b s t u^ 
in a point d; so the curve dr^ t^ t ti ^ will be that of the teeth of 
this wheel, and m cf, the surplus of the teeth on the primitive radius, 
and then n N will be the arc of driving after the line of the centres, 
and n O, that which ought to be described before the line of the 
centres. 

Now to construct the wheel and pinion, wc draw again (Fig. 4.) 
the primitive radii of the wheel and pinion ; and in the line of the 
centers A a draw the semicircle O d a on the radius of the pinion, 
then from the centre A, (Fig. 3.) and top of the tooth N w' /' «' d' ii, 
take the distance A f/, wlucli carr\' to (Fig. 4.) from the centre A, 
describe a portion of a circle, which shall cut the semicircle a d O in 
a point d ; this point will mark the top of the tootli ; so in drawing 
from the centre a of the primitive circle X, the radius a d c, this 
ndiuB will represent the flank, or side of the leaf of the pinion; and 
setting out from this point, divide the circle X into 6 parts, through 

U 



98 SHA?X OF WHSEL TEETH. 

which draw radii to the centre a ; make the thickness of the leayee 
of die ese O u (Fig. 3.) and the sides of the pinion leaves will be 
£amied« 

Finally, to fonn the teeth of the wheel, draw from the centre A to 
the point d, the line Amd, «id setting ont fron the point m, diride 
die circle R into 18 parts, and draw the lines A R n, which mark 
the distance of the teeth ; and on the sides of these lines firom the 
cnnree traced (Fig. 3.) we shall have^ by thia means a wheel, which 
will make the pinion turn as uniformly as if the circle R carried round 
that of X by simply touching it. The curres of the leaves of the 
pinion are traced in the way which has been shewn before ; but as in 
the proposed example, they beccHne very small, havii^ for lengA cady 
the interval which is between die point r of tlie primitive circle X, 
Mid the point « of the semicircle A B « O, (Fig. 4.) in taking tin 
gfeatest leagth r « of the pinion, and applying it (Fig. 21) in sucb 
a way, that fiom the centre a we cut the curve N, t^ the small see^ 
tion V will determine thelengtho o of this curve of the pinion ; if die 
driving began rather before the line of the centres, we could deter- 
mine the curve of the pinion^ by working as has beooi done in figure 2^ 
and apjdying the same method which was used for the teeth of the 
wheel ; but we ought to avoid as fifur as possible having much to drive 
b^re the line of the centres. 

^o rendier a pitching the most perfect possible, sad to avoid the 
inequalities of the curves of the teeth, in the case even of the driving^ 
after the lineof the centres, pinions should be made with the greatest 
number of teeth or leaves, as of 8, 10, or 18, &c. ; by this means we^ 
reduce to the least quantity, the obstacles which arise from the 
driving before and after the line of the centres, and the curvea 
of the teeth becoming insenstUe, there results the least inequality^, 
should they even be badly formed ; for the pitching of pinions of 6^ 
requires care to have them well made, not only in determining the 
size, which varies^ but in forming the curves exactly, and to avoid 
at the same time inequalities, butting, friction, &c. 

The esuimple which has been given, wiU suffice to explain how we 
might trace the form of the teeth of wheels and {Hnions for large w(«k« 
and thus to form pitchings which will drive uniformly. 

^ To form teeth similar to tliose of N c^ n (Fig. 3.) without beginning again tho 
preceding operations, take from the centre A to the top cf of this tooth, and carry it to 
any line whatever A d (Fig. 9.) ; describe from the same centre A the portions I't, tt^ 
tt^ «, N n, whidi mark on the line A if, and take the lengths m N, o u, p I, • «, and 
deiGribe small portiims of circles which cat those of j' <, dtc ; and leading through tbo 
pointi of intersection a line fi u* f ds i n^vre shall have two curves, and consequently, 
atoothsimUkrtotfiat N^'tffiCFig. 3.) 
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It is to be dbterred, that the driving before and after the line of 
the centres, dilliers according to the number of the teeth of the wheek 
and of the pinions ; and, according to the proportion of the leaves of 
the pinioiis to the niunber of the teeth of the wheel ; so it would be 
proper, that for eadi different number we made figures of teeth in 
krge siae, that therebj we could determine in all cases, the driving 
bdbre and after the line of the centres, the sizes of the pinions, and 
the excess of the teeth of the wheel beyond the primitive radius ; for 
it is again necessary to remark, that the tixes of pinions of 6, for ex- 
as^k, or any other, differ, according as they make a greater or less 
mnnber of turns, with regard to the wheel ; thus a pinion of 6 which 
ii driven by a wheel of 60, is of a different sixe from the pinion of 6 
whidi is driven by a wheel of 90, even when the wheels should be of 
a sixe proportioned to their number of teeth, and the driving in both 
cases, not made equally before and after the line of their centres ; 
ksving fixed such principles, workmen, in following them attentively, 
wfll make good pitchings. SeeEs$ai sur tHorlogerie^ torn. ii. pp. 2 to 
M, par M. Ferdinand Berthaud, Harloger. Paris 1 763. lliose who 
viih for more particulars on this subject, are referred to Cour$ de Ma* 
ihemaiiquey trtdsiime partie. EUmens deM^hanique Statigue, tarn, 
i. par M. Camus^ Paris IJSJ ; or a translation of that part of 
tf, regarding the Numbers and Forms of Wheel Teeth^ for J, 
Taifhr, of the Architectural Library ^ 59, High Holbom, London^ 
1806. 

M. de la Hire seems to have been the first who shewed how to 
trace the curve, that was best adapted for the teeth of wheels and 
pinicHis, so as they might turn with an uniform motion. — When 
a whed turns a pinion, it may be said to drive it, and when a pinion 
turns a wheel, it may be said to be leading the wheel ; the one being 
a quick, the other a slow motion. 

To have a good or safe pitching, much depends on the proper sixe, 
or diameter of the pinion, on the figure of the wheel teeth, and of the 
pinion leaves : if the pinions are high numbered, that is, not less than 
eight or ten, any small deviation from a true figure may not be of so 
ttuch consequence as some have attached to it. With such small 
teeth as are in clocks and watdies, in practice, the figure of the teeth 
cannot well be drawn, nevertheless, our workmen, and wheel teeth 
finshers, make the nearest approximation they can to the shape re- 
quired ; where this is well attuned, it is wonderfol how it prevents 
taUtingf or wearing in the pinions. A strong instance of this is in 
a Regulator, which we made upwards of thirty years ago, where 



100 DIAMETEE OF PINIONS. 

no impression whatever, is to be seen on the pinion leaves. Much 
of this will also depend on the goodness of the qualities of the brass 
and steel from which the wheels and pinions are made. Lepine, a 
watch-maker of considerable eminence in Paris, had in some of hb 
watches the wheel teeth and pinion leaves of a saw-teeth, or ratchet- 
like form, having a very small rounding off to wards the point of 
the acting sides to prevent any catching taking place ; these kind 
of teeth have a great appearance of strength. 

In the sizing of pinions, it is no doubt desirable to have them as 
large in diameter as they can safely be admitted, and rules for this 
purpose have been given by several artists^ which firom longer and 
more experience have afterwards been ^ven up. An instance of this 
with Berthoud shall be given, by taking his Table for getting the 
diameters, and comparing it, as we shall afterwards do, with the 
diameters of the pinions^ in one of his first-rate marine time-keepers. 
The best method to determine with the greatest precision, the size 
of a pinion for any wheel whatever, (he says) is, before hardening 
and tempering it, to put it with its wheel into the pitching tool ; for 
this purpose, some of the wheel teeth must be rounded off, when it 
will be seen by its pitching, if it is of a right diameter and figure ; 
if it is too large, reduce it, till it comes so as to have the pitching 
made to move in as uniform a manner as possible ; if it is too small, 
another must be made, or the wheel reduced. 

But to prevent this inconvenience, make use of the following me- 
thods, which serve to give the size as nearly as may be, to which a 
dock pinion ought to be turned before cutting it. Cut a slip of paper 
whose breadth should be about that of the thickness of the whed» 
for which a pinion is required to be made ; apply this slip of paper 
on the cbcumference of the wheel teeth, supposed cut, but not 
rounded off, and clip it to such a length as to take over as many 
teeth of the wheel, and two more than the pinion is to have leaves, 
the length of the slip of paper will be the measure for the cir- 
cumference of the pinion. If we have, for example, a pinion of 
16 to make, cut the slip so as it shall lay over 18 teeth of the 
'wheel, then apply it round the pinion, which reduce in turnings 
till such time as the two ends of the paper slip meet on lapping 
it round. The pinion being afterwards cut and rounded up, (but 
before tempering it,) let some of the wheel teeth be rounded off, and 
fixing it on a smooth arbor, put the wheel and pinion into the pitch- 
ing tool, and see if it is of such a diameter as will, with the teeth of 
the wheel, produce a regular pitching. With small pinions for clocks^ 
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•nd in diote for watdies, sKpc of paper cannot readily be made lue 
of, bat bere are rules founded, as weU as tbe preceding, on experi- 
ence, and agreeable to the practice of the best workmen. 

When the teeth of wbeeb are cut, and the diameter of pimons are 
required to be taken from them, callipers, or spring pinion gages, are 
wed- If, for example, it is required to make a pinion of 16 teeth, 
or leaves, give an extent or opening to the callipers, or gage, so as to 
take in 6 teeth of the whed, taken ftom the outer ilank of the first 
tooth to the outer flank of the sixth ; this is what is called six full 
teeth. 

15, the callipers must extend not quite to the flank 

of the sixth tooth. 
14, take 6 teeth on the points, or middle of their 

tops. 
12, five foil teeth when it is for a Urge wheel of a 
clock, and when it is for a watch, take five teeth 
fully on the points. 
10, four full teeth. 

9, a little less than four full teeth. 

8, for a clock, four teeth on the points, for watches, 
take four teeth on the points, less the fourth of 
a space of one tooth. 

7, in a dock, three fbll teeth, and a fourth of a 
space of one tooth ; for watches, take a little less 
than three teeth of the wheel, when finished by 
forcing the callipers over them. 

6, for docks, take three full teeth ; for watches, 
a little more than three teeth on the points. 

5, three teeth on the points. 

4, take two square and full teeth. When the 
pinion leads, take two square teeth of the wheel, 
and a half of a space of one of the teeth more : 
in general, aU pinions which lead, ought to be 
somewhat larger than those which are driven. 



For a pinion of 



The pitching tool which Berthoud recommends for trying the 
ptching of a wheel and pinion, is that which, with us, is called the Ge- 
neva pitching tool, and has been long known and used in this coun- 
try. He baa given a drawing and description of it in the first vo- 
hune of his Esaai sur PHarhgerie^ pp. 169, 170, I7I. Where, 
afbr describing it, he says, ^^ The great facility whidi this tool gives 
of seeing pitdnngs, repairing them, carrying them in a oocrect state 
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to the firame-platefl of a dock or watch, renden this inBtnment yerj 
JMfiesBftiy to the workman ; it can be made use of even in settiBg (M 
various ^sciqMnieiiti^ each aa the anchor, cyUnder, or horizontal on^ 
be. But, notwithstanding its utility, there are few workmen who 
have it, or who even know it It is, however, not new, seeing that 
Thiout has described it in his TraiU fTHarlogerie ; but the ex- 
treme indolence of the most part of workmen, has made the use of 
)t to be very limited, for they seek more to gain money than to make 
good things.^ 

It has the advantage over the sector kind of pitching tools, whioh 
do not take in the wheels and piniono, by allowing the working of 
the pitching to be seen, and serves to check any pinion of an impro- 
per diameter, which may at times, by mischance, have been over- 
looked, both by the movement-maker and by the watch-maker. 

In the year 1778 or 789 having got rather an imperfect descrip- 
tion of a sector or kind of pitching tool, made up in some d^^ree on 
the principle of proportional compasses, but having an objection to 
the points standing always in an angular position, by which they 
were not fitted to. draw truly off the pitching, fiK>m one hole to ano- 
ther, a^ can bp done by the Geneva tod, we made a sector hav- 
ing thick aj9d hroad brass limbs, with a strong and true joint, so aa 
it might be always stiff, firm, and easy, at the time when using it» 
On the line where the legs meet, when the sector is close shut, and 
about three inches from the centre of the joint, were placed two small 
cylindrical steel pins, about one-tenth of an inch in diameter, and two 
inches long, having conical points ; one of the pins had at the mid- 
dle a sole made from the solid, by which it was screwed on to the 
upper side of one of the kgs ; the other had a socket fixed on die 
opposite leg, through which the other cylindrical steel pin passed^ 
«ad could at pleasure be set and fixed so aa to make the plane of 
the sector legs stand parallel to the plane of the frame-plate of any 
movement when setting off a pitching. The manner of making and 
using the cylindrical steel pins, and the apparatus for fixing them on 
the legs of the sector, are the same which the bte Mr. Pennington 
afterwards adopted for his sector, a drawing of which is seen in Plate 
VII. No. 37. 

These steel pins were placed perpendicularly to the plane of the 
legs of the sectiv, and so as the points of both would coincide in the 
inside line of the sector edges, when the legs are su[qxMBed to be shot. 
On the side of one of these legs, three inches in length from the end 
and near to the inner edge, a small groove was sank, havingaaqove 
bottom, to wwive a pvt of a straight toodi^d «ae|k fittad ci h, audi— d»: 
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tp^lide tMckwvd md ftnratd m k. The ijmJl was a small slip of 
iwsj riwnt Aree iadics lomg^ and tliiee4eDths cf an inch broad, the 
oatcrad§a if vhidi was toothed ; ftom the inner projected a nose-fueoe, 
hfierBig cm the inner edge if the leg of the sector, and whidi served 
as a guide to set the wheel on, when taking its diameter acioM be- 
tvMB the edges of the legs of the sector ; about an inch from the 
and of one 4if the legs, a pinUm of 16 or 16 leaves was made to pitch 
with the toothed edge if the radc, and fixed to the under side of a 
sbmU circular plate of brass two inches in diameter ; on the upper 
side were traced a few concentric cvdes, the lower pivot of the pi- 
moo tUHMd in a hole made in the leg of the sector, the upper one 
tamed in m cock, which was screwed to the leg of the sector, and 
«nred to keep the pinion and its plate in their place. From the 
cack was formed, on the opposite end to that by which it was screw- 
ed to the sector leg, an index which lay across the semi-diameter of 
the circuiar plate. The rack had two small cocks which lay on it, 
pwsiiiig spring right, and which were screwed on the leg of the sec- 
tor, keeping die rack steady to its place or groove on the sector leg. 
The spaoes on the plate between the concentric circles, served for 
yamooa of diferent numbers, ftom 12 to 6 inclusively. On turning 
mmKl tlie plate in either direction, the rack moved backward 
aad forward, eanying the nose-piece with it. Taking a wheel of 
ii, aad a pinion of 8, for example, and setting them to their proper 
dspth in the Geneva pitching tool, which, being set off on any plane 
sr plate of brass, the steel points of the sector pitching tool were 
made to stand at the same distance as those of the Geneva putting 
the wheel of 64 so as its diameter might stand across between the 
edges cf Ae legs, and bringing the nose-piece to this place, a small 
Ime was made across one of the spaces between the concentric circles, 
i p pwpii ated for pinions of 8, and wheels of different numbers, so 
Aat wheels of 64, and of any other diameter, could be set to their 
pitching. And, in like manner, were pinions and wheels of various 
mmbers and diameters, marked with their places on the plate, hav- 
ing their proper depths previously made by the Geneva tool. No 
tool could be so easily and safely used as this sector pitching tool, 
whidi gave such dispatch, as made it extremely useful in repairing 
or examining the depth or pitchings of new or old work. 

Soom after this sector pitching tool was finished, a more im- 
pmved one from it, was made by Mr Pennington, and during the 
wddag of it, we had with him a great many trials with pitchings, 
IS aa to make it as complete as possible; notwithstanding die 
peat militj wUdi it possessed^ k is perhaps the only one of die 
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kind that ever was made, except a large one made many years ago 
for our clock-makers, who, like the greater part of workmen, were 
neither anxious to use it, nor to acquire a knowledge how to use it. 

The sector made by Pennington was purchased from him by Mr. 
Auld when in London, and the one for clock-makers, are at present 
•in our possession. Having thought this sector deserving of aplace, 
a description herewith is given, as taken firom the original pamphlet, 
published in London, I78O. For its figures, see Plate VII. 

^^ This sector is composed of the legs A and B, and the joint 
C ; it is divided into 100 (as appears by the figure) on one side, 
and on the other side into 150, in the manner shown at No. 38. At 
the 50th division, and having its centre exactly on the edge of the 
leg A, is fixed the piece D ; and on the same part of the leg B is 
fixed the socket E, with the moveable cylinder F going through 
it, and which may be fastened, at any place required by the screw G. 
No. 39. is another view of the socket, &c. the same letters refer to 
each. H and I (No. 37.) are pieces screwed upon the leg A, having 
their edges next each other shelving so as to form a dovetail groove, 
in which the pieces K and L slide; the piece L has a notch through 
it firom one end to the other to admit the piece a, which goes through 
both it and the leg of the sector, and has a nut screwed on the other 
side to fasten it at any place ; the pieces K and L are connected 
together by the screw M, the use of which is to set the piece K, 
exactly to the place required. On this piece is screwed the piece N, 
which lies over the edge of the leg A ; it has likewise on it a nonius 
of 10. O is an arch fixed to the leg A, and on which the end of 
the leg B moves. P is a piece fitted upon the arch O, and moveable 
upon it, and which may be fastened at any place by the piece b 
g(»Bg. through it, and having a nut screwed upon it on the other 
side. The piece P and the leg B are connected together by the 
screw Q, the use of which is to set the leg B exactly to the place 
required. 

THE USE OF THE SECTOR. 

I. — To find the proportional sizes of Wheels and Pinions, 

Look for the number of the wheel on the sector, then open it till 
the diameter of the wheel just reaches from one leg to the other even 
with the number ; the diameter of the pinion will be even with the 
number in the small table annexed, as near as I have been able to 
come at by a great many experiments. 
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Pinion ft. 


Numlten on tlw 
S«ctnr. 


6 


7.iJ 


7 


8.1 


8 


9.0 


9 


99 


10 


10.8 


11 


11.7 


18 ! 


12.6 



II. — To draw circles the jnvportionahle sizes of Wheels and 

Pinions, 

Tht line drawn from the center of the joint, and which is called 
the line of lines, or equal parts, and divided into 150, (No. 38.) 
is for the convenience of setting the compasses, to take the sixes, and 
answers the same purpose for circles, as the edges of the sector does 
fcr wheels and pinions. 

in. — To set the centers of circles at a proper distance from each 

other in drawing callipers. 

Haring the numbers of the wheel and pinion, and the diameter of 
die wheel, look for the number opposite that of the pinion in the 
the mall taUe annexed, and subtract that from the wheel. 



Pinionft. 


Niiintim on th« 


6 


3.8 1 


7 


4.6 1 


8 


5.7 


9 


6.4 


10 


7.0 


11 


7.7 


12 


8.3 



[is taUe is constructed by experiments witli wheels and pinions, 
as appears by No. 40. of the Plate for pinions of nix. The wheel 48 
and the pnion of 6 being at a proper distance, and having their centres 
Civen with the 24th division, the diameter of the wheel touches the 
fines just 3 divisions and B-lOths from the 48 division. The same 
mle will do for every other wheel. 

For example, suppose a wheel of 48 teeth, and a pinion of 6 leaves, in 
thetalik, opposite 6, you find 8«8, which you subtract decimally from 
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46.0 

48 ; thus, s^ which produces 44 and S-lOths ; then take the dia- 

44.2 

meter of the wheel in your compasses^ set one foot on 44.2 on one 
leg, and open the sector till the other falls on the same number on 
the other leg, the distance then between half 48 on each leg, will be 
the distance of the two centres for the wheel to carry the pinion, as 
appears by No. 40. A and B are the supposed lines, drawn apart 
from the sector, for the oonvenience of having the wheel and pinion 
larger. G, a wheel of 48, and D, a pinion of 6. 



IV. — To set Wheels and Phtuma the proper depth in etwh other y 

by only having the Wheels given. 

At H (No. 37.) are divisions corresponding with those on the sec- 
tor, only numbered the contrary wi^y, beginning at the 100th ; and 
these are the divisions to be observed in this case : By means of the 
nonius on the piece K, the edge of the piece N may be set the 10th 
part of one of the divisions, and answers the same purpose as if every 
single one were actually divided into 10 : so that, in using it for this 
purpose, every single division must be called 10, the 10 a 100, &c. 
Suppose a wheel of 48 teeth, and a pinion of 6 leaves, to be set a 
proper depth, look in the table for pinions of 6, and opposite 46 you 
will find ^9.\^ which is 79» «nd 1-1 Odi of the small imagiBaiy divi- 
sions before mentioned ; so that you set the cipher on the nonius as 
fiur beyond the 7th division, sis till the 9th, corresponds with one 
of the other divisions, (the fractional part in this case need not be 
taken notice of;) then, if the wheel be applied to the edge of the 
sector, close to the piece N, and the legs be brought together until 
it reaches the same part on each leg, the points at D and F will then 
give the proper distance. 

The method of constructing the following tables is thus : divide 
1000 (which is the number the sector is supposed to be divided in- 
to) by the number of the wheel, and multiply this product by the 
number opposite to that of the pinion in the table, and this will be 
the number for that wheel. The sector may be divided into iny 
number which may be judged most convenient and the saHie ndb 
will continue to answer in the construction of the tables, or rathes 
multiply 1000 by the number in the table, and divide by the nu»- 
her of Uie wheel. 

Mr. Pennington has said, multiply the productf whereas heshouU 
have said, multiply the quotient, by the number opposite that of Ae 
pinion in the TaUe, p. 9. of his paiBphlet. See top of«fage 10& 
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A better wij ig to multiply 1000 by the nnmber in the table, and 
£Tide by the number of the wheel teeth. For example, a pinion of 
8, and a wheel of 96.1000x5.7^.96 = 5948 nearly. The numbers 
IB the tables here, were made according to the last nik. 



TABLE I. 

Pinions qf Six Leaves. 





itab« 


ill 


rnmbcn 


M 


Svnhttt 




NitfDiMn 


4r 


KiMten 


mthm 


l^r 


OBth* 




mUm 


oatlw 


m 


ohUm 


Sector. 


1* 


Sector. 


fm^. 


laotor. 




ficctor. 


u 


1SS.S 


40 


06^ 


so 


07.8 


72 


»»7 


00 


30.6 


u 


16S.0 


41 


02.6 


07 


06.0 


73 


62.0 


08 


38.7 


n 


I4S.1 


42 


1N).4 


68 


66.5 


74 


61.3 


100 


38.0 


V 


140.7 


43 


88.3 


60 


04.4 


76 


60.0 


102 


37.2 


28 


1S5.7 


44 


80.3 


00 


633 


76 


>0.0 


104 


36.5 


ss 


ISI.S 


46 


84.4 


61 


02.2 


77 


40.3 


100 


35.8 


9S 


126.S 


4S 


82.6 


62 


61.2 


78 


48.7 


108 


35.1 


31 


12S.5 


47 


00.8 


63 


603 


79 


48.1 


110 


34.6 


ft 


11S.7 


40 


70.1 


04 


60.3 


80 


476 


112 


33.0 


S9 


1IS.I 


40 


77.6 


06 


6a4 


82 


46.3 


114 


33.3 


S4 


111.7 


60 


70.0 


00 


67.6 


81 


46.2 


116 


32.7 


Si 


10S.S 


61 


74.6 


67 


66.7 


80 


44.1 


118 


32.2 


as 


10«6 


62 


73.0 


08 


66.8 


08 


43.1 


120 


31.6 


37 


1SS.7 


63 


71.7 


00 


66.0 


00 


42.2 


— 


— 


as 


1S0.0 


64 


70.3 


70 


64^ 


02 


4U 


^m 


.^ 


as 


VIA 


« 


60.0 1 


71 


6&6 


04 


40.1 


— 


— 
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IS 


NoMbm 




S..JJ? 


«»-#-.•' 


07 
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Nuoten 






OBtlM 




OB the 
Sector. 


1 


ooUm 
Sector. 


obUm 

MCvor. 


1-;* 

00 


ontfe* 
aofCior. 


1! 

ITS. 


on tbr 
Sector. 


104.2 


41 


112.1 


64 


06.1 


0&6 


67 6 


100 


43.3 


20 


160.6 


42 


100.6 


56 


83.6 


00 


070 


82 


6ao 


108 


42.6 


as 


I6S.3 


43 


106.0 


66 


82.1 


00 


06.0 


04 


64.7 


110 


414 


31 


140^3 


44 


104.6 


07 


00.7 


70 


66.7 


06 


63.4 


112 


410 


32 


143.7 


46 


102.2 


68 


78.3 


71 


04.7 


88 


62.2 


114 


40.3 


3S 


1904 


40 


loao 


60 


770 


72 


63.0 


00 


61.1 


no 


30.0 


34 


136.2 


47 


078 


00 


70.0 


73 


03.0 


02 


60.0 


no 


38.0 


36 


131.4 


48 


06.8 


61 


76.4 


74 


62.1 


04 


4&0 


120 


38.3 


30 


127.7 


40 


03.8 


02 


74.1 


74 


61.3 


00 


470 


122 


37.7 


37 


1243 


60 


02.0 


63 


73.0 


76 


60.6 


00 


404 


124 


870 


30 


121.0 1 61 


00.1 


64 


71.8 


77 


60.7 


100 


40.0 


.^ 


— 


10 


117jl62 


00.4 


OS 


70.7 


78 
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102 


41.0 


... 


^m 
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817 


00 
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7t 
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44.2 
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TABLE III. 
Piniotu of Eight Leaves. 




TABLE IV. 

Pinions of Ten Leaves. 



4? 



40 
41 
42 
43 
44 
45 
4U 

47 
48 
49 
50 
51 



NimibenI 
oothe 
Sector. 



175.0 

170.7 
166.6 
162.7 
159.0 
155.5 
152.1 
148.9 
146.8 
1428 
140.0 
J 37.2 



'4 
c 



A "^ 



Numben 
on the 
Sector. 



52 

53 
54 
55 
56 

67 
58 
59 
60 
61 
62 
63 



134.6 
132.0 
129.6 
1272 
125.0 
122.8 
120 6 
118.6 
116.6 

114.7 
112.9 
lU.l 



5o 



e|Nu]nben| 



64 
65 
66 

67 
68 
69 
70 

71 
72 
73 
74 
7ft 



on the 
Sector. 



1094) 

107.6 

106.0 

104.4 

102.9 

101.4 

100.0 

98.5 

97.2 

958 

94.5 

93.S 



9S 



9' 



?2. 



76 
77 
78 
79 
80 
82 
84 
86 
88 
90 
92 
94 



Numben^ 
on the 
Sector. 



92.1 
90.9 

89.7 
88.6 
87.5 
85.3 
83.3 
81.3 
79.5 

77.7 
76.0 
74.4 



■ c 



96 
98 
100 
102 
104 
106 
108 
110 
112 
114 
116 
118 



Number* 
on the 
Sector. 



72.9 
71.4 
70.0 
6&6 
67.3 
66.0 
64.8 
63.6 
62.5 
61.4 
160.3 
59.3 



4^ 



120 

122 
124 
126 
128 
130 
132 
134 
136 



Numben 
on the 
Sector. 

58.3 
57.3 
66.4 
65 5 
64.6 
63.8 
63.0 
62.2 
61.4 



TABLE V. 

Pinions of Twelve Leaves, 



N.llinl !!■ ill 






00 the 
Sector. 



48 
49 
50 
51 
52 
53 
54 
55 
66 

57 
68 



172.9 
169.3 
166.0 

162.7 
159.6 
156.6 

163.7 
150.9 
14a2 
146.6 
143.1 



J? 




H 



59 

60 
61 
62 
63 
64 
66 
66 

67 
68 
69 



Numben 
on the 
Sector. 



140.6 
13a3 
136.0 
133.8 
131.7 
129 6 
127.6 
126.7 
123.8 
122.0 
120.2 



I? 



70 

71 
72 
73 
74 

76 
76 

77 

78 
79 
80 



Vmelben 
CO the 
Sector. 



118.6 
116.9 
115.2 
113.6 
112.1 
110.6 
109.2 

107.7 
106.4 
106.0 
IOS.7 



-23 



82 
84 
86 
88 
90 
92 
94 
00 
98 
100 
102 



Num 
ou 



•»»• Is- 



Sector. 



101^ 
98.8 
96.5 
94.3 
92.2 
90.2 
88.2 
86.4 
84.6 
830 
81.3 



"^ 

c^ 



Su 
•^ 



3fumber» 
on the 
Sector. 



104 
106 
108 
110 
112 
114 
116 
118 
120 
122 
124 



79.8 
78.3 
76.8 
75.4 
74.1 
72.8 
71.6 
70.3 
69.1 
68.0 
66.9 



c 






126 
128 
130 
132 
134 
136 
138 
140 
142 
144 



Numberg 

(m th« 

Sector. 

66.8 
64.8 
63.8 
02.8 
61.9 
61.0 
60.1 
69.) 
6&4 
67 6 



DISTANCE OF CENTERS. 109 

TbDse who might haTe ooctsion to hare wheels md pinions of such 
mimben as are not m these Tables, may easily by analogy compute 
where to set the sector, to gire the pitching for a number of any pi- 
nion and wheel whatever. 

The sector can be made useful in another way, in giving the sixes 
of wheels and pnions, their pitchings, 8ec. 

Siqyposing the distance of the centres of a wheel and pinion is two 
inehes» and &^t tenths of an inch, and it is required to find the dia- 
tteters of the wheel and pinion, the wheel to hare 180 teeth, and the 
pinion 20 leaves. To find the acting semi-diameters, say, as the 
Sim of the whed and pinion, is to the distance of their centres, so is 
the wambet of teeth which the wheel is to have, to its acting senu-dia- 
meter 1904-90=140, and as 140: 9800: : 190 to a fourth term which 
is found to be 2400, or 2 4 inches tor the acting semi-diameter of the 
wheeL To get the semi-diameter of the acting part of the pnion, 
say, as 140, the sum of the teeth of the wheel and of the pinion, is to 
the distance of thdr centres, so is the number of the pinion to its 
seting semi-diameter, which will be found to be 400, or four tenths 
sf an iodi. The inch is here supposed to be divided into a thousand, 
which is the reason of the distance of the centres being expressed by 
2800. Taking a radius of 2400, and from the centre of the wheeFs 
place, describe a circle, then, with a radius of 400, describe firom the 
centre of the pinion's place another drcle ; these circles will touch 
er coincide with each other on the line joining their centres, and this 
place of touching is, in mill roadiinery, called the pitdb line, and by 
Cmmus the circles are caUed the primitive drdcs. Taking theso 
diameters as they are now given, that is, the jnnion at .8 of an inch, 
sad the wheel at 4.8 inches, these being set to their respective places 
on the sector, that is, to 190 and to 20 ; then 199.25 taken firom 
the sector will be the true diameter of the wheel, and 21.5 taken also 
firom the sector, that of the pinion, which are what was required. 

The converse of this rule is obvious. Let it be required to find 
the distance of the centres of a wheel and pinion, so as they can be 
set to a proper pitching. It is supposed to be a settled point, that 
two and a quarter may be taken on the sector, or line of equal parts, 
over and above the number of the wheel teeth, when the whed drives 
the pinion ; and the piiiion^s place on the sector, at one and a half 
more than the number of leaves which it contains. But when the 
pinion leads the wheel, the addenda for it must be two and a quar- 
ter, and that iat the wheel one and a half. 

The whed having 120 teeth, and the pinion 20 leaves, it is re- 
qnired to find the distance of their centres. Set the wheel to 122.25 
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dn the sector, mid from 190 to 180 acroBs take the dktaiioe, the half 
of which take as a radius, and with it describe a circle from the een^ 
tke of IJie wheel's place ; let a straight line be drawn from die wheelV 
centre, towards the place where the centre of the pinion is required 
to be. The pinion 20 bebg set to 21.5 on the sector, let the dis- 
tance 20 be taken from it, and with the half of this aa radius, set one 
fiwt of the compasses at the place where the whed^s drde iDteraectB 
the straight line, and with the other foot intersect this line ; thia in- 
tersection will ihefa be the cBstance of the centres, where the wked of 
190, and the pinion of 80, will pitch properly together. The Sittt 
opo|ing of the sector must serve fb^ both wheel and pinion, if they 
are duly proportioned to ohe another. If these operationa are car^ 
fttll^ gone abdut^ the diameters of wlieels and pinidns, taui Aieir dil^ 
tatice of centres, may be very accurately obtained, ih koA apptoadi* 
ing nearly as small as that of watdv-work, and in which too it even 
might be done, if required. An example of such miy be taken ? 
The distance of the centres of t wheel and pinion is .8 of an inck^ 
which call 800, bmng 800 thousandths of an inch. The whed isto 
hare 84 teeth, and the pinion 16 leaves, it is required to find their 
diameters ? The sum of the whed and pinion is 100 ; then say, tt 
100 is to 800, so is 84^ the number of the whed teeth, to a fourth 
number, which will be the acting semi-diameter of the whedi; 
100 : 800 : : 84: 672, which is the acting semi-diameter, bdng 679 
thousand parts of an inch. The acting semi-diameter of the pinion 
is found in the same way. 100 : 800 : : 16 : 128, the number of the 
thousand parts of an inch for the acting semi-diameter of the pinion. 
Then 672-1-128 = 800, the distance of their otetres. With these 
numbers, 672 and 128, taken as radii, describe drdes, take the dia>^ 
meter of each and apply them to their respective numbers on the seo-t 
tor, vis. 84 and 16, and with this opening take 86.25 from the sector 
for the diameter of the wheel, and 17.5 for that of the pinion, which 
will be thdr true diameters. 

Having a wheel of 84 teeth and a pinion of 16, it is required to 
find the distance of their centres ? Set the wheel to 86.25 on thcf 
sector, and from 84 to 84 across take the distance, with the half of 
whidi taken as radius, describe a drde whose centre is in soibe stnighf 
fine or other ; the pinion being set to 17.5 on the sector, take tlM 
distance between 16 and 16 on the legs of the sector, and with the 
half of this distance taken as radius, describe a drde on the same 
right line where the wheel drde is, whose dreumferenoe shall fidl 
in with that of the wheel; th# distance bitlriMi their centtes will be 
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dM Ailflne where the wheel of 84^ nd the pttrion of 16 will pitch 
pnpeny together* 

Fortoehpiupoiee m these, it is requisite to htve very nice diTiders^ 
flr esnpMses, and a scale harii^ the inch divided into tenths and 
thensandths of an inch. 

It is noKf thsBi toftj yean since we urged the expediency of work- 
BMB in Ae Afferent bnmches, making use of inches and parts of an 
mh^ in whatever kind of gage was used ; and ftom this would ro> 
idl oNidi ease, eonTenienoe, and advantage, not only to themselres, 
kill to thooe who employed them, or gave them orders ibr what might 
ke waafted. To show how irregidar ihey are in this part of their 
fit examine, one morement-maker had his pillars called 19, 
Ka frame or pfflar plate 8, aa one of his movement sises ; ano> 
had alio a way of ezpressasg hy numhers his sises, but differing 
fieas those of his neighbour ; and neither of them had the smallest 
ttakgy to any known measure, each having his gage made accord- 
kig to hia own fimcy. Were every sise, either in height of pillars, 
sr verges, £ameCers of plates, dids, glasses, fcc. expressed by me*- 
soRa of indies and its parts, every one could then understand what 
he had oidered,. and what he had to expect. The breadth of springs 
sid their lengths, should be expressed in the same way, and even 
Aeir weight in grains, or in ounces, pennyweights, and grains troy. 
Ihere seems to he but Kttle £fllculty in adopting a plan of this 
s«t ; but it has not yet been done, and we regret to say we suspect it 
aever wilL 

The Allowing is a description of a sliding scale of equal parts, of 
aadb general utility, that no dock or watch-maker ought to be with- 
out having one of them, as it supplies the place of a sector, of a 
pitfhtng tod, of calipers, or jrinion gages ; it may be used also as 
CDBspaasea, or dividers, and as a pivot gage for clock pivots ; it might 
he rather heavy tot watoh pivots, which would require a very small 
sector, or micrometer spring gage, such as Berthoud used ; the com- 
moD pivot gage with holes not being readily reducible so as to give 
Ae diameter of the pivots to a known measure ; the sliding scale 
may be made to varioos sises, or acconfing to what description of work 
it is intendei chieffy to be applied : — Take a piece of plato brass 
wdl hammered, seven inches in length, three quarters of an inch in 
breadth, and about one tenth of an indi thick, made very straight 
and plain on the sides and edges, like to what may be called a plain 
scale or straight edge ; let there be put on one of the sides, two 
sEps of wA hamm e ied plate brass, whoee sides and edges are truly 
fla^ ona of the edges mi eadi must be flled a little bevelled, so as 
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when the slips are fixed to the scale, these edges will form a dove- 
tail ; the slips are fully six inches long, one quarter of an inch broadi 
and one twentieth of an inch thick : the square edges of the slips must 
coincide with the outer or plain edges of the scale when fast pinned 
on it, the space then between the bevelled edges will be about three 
tenths of an inch in breadth ; in this space, another piece of good 
and well hammered plate brass is fitted, being of the same thickness 
with the pinned on slips, and somewhat more than two inches long, 
having a small slit of half an inch long made in each end, and near 
to the side which is opposite to that, on which a nonius or vernier is 
to be put ; the small slips at the end made by the slits are set out a 
little, so as to form or give a kind of spring tightness to this piece of 
brass when moving in the dovetail groove, and keep the side where, 
the nonius is, dose up against the slip fixed on the scale. . On this 
slip, at the line of the bevelled edge, is laid down six inches, num- 
bered O, 1, 2, 3, &c. to 6, each inch divided into ten, and each tenth 
divided into five, so that each inch is divided into fifty parts. On the 
piece of brass fitted into the dovetail groove, and at the line which, 
corresponds with the inches and parts laid down on the scale, is the 
nonius laid down, consisting of 20 divisions of equal parts, and num- 
bered into twice five and ten. These 20 divisions on the nonius cor- 
respond to 19 divisions, or nineteen fiftieths on the scale, and by 
this means the nonius can divide each fiftieth into twenty, conse- 
quently an inch can be divided into a thousand, — a measure so ex- 
tremely small, that few could work nearer, or even up to it, in the 
very nicest parts of watch-making. The beginning of the nonius 
divisions is distinguished by a sort of lozenge, which corresponds to 
zero or O on the scale, when the dovetail piece is home to its place. 
On the outside of the slips on the scale are screwed two thin pieces 
of steel somewhat in the form of a square, one leg of the square being 
screwed on, the other projects beyond the edge of the scale about 
three-tenths of an inch, one at each side or edge ; another thin and 
nearly straight piece of steel is screwed on to the dovetail piece, near 
to the end opposite to that on which the lozenge is engraved. When 
the line of the lozenge corresponds with O on the scale, then the edge 
of the steel square, (which is on that side of the scale opposite to that 
where the divisions are laid down,) and the piece of steel which is on 
the dovetail piece meet or coincide ; between these edges, the dia- 
meters of wheels and pinions, &c. are taken, the lozenge, or some 
division of the nonius corresponding to the number on the scale, gives 
the diameter in inches, tenths, and thousands : between the edge of 
the other steel square and the corresponding end of the steel piece oa. 
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the doreuil, a small openiog ia left, in space equal to the outside of the 
opposite steel ends, when home at or xero ; this is for taking the out* 
side diameter of any thing, the other for the inside of that, for which 
the other is intended to be fitted into. On the end of the dovetail piece, 
outside <tf the steel piece is fixed a small brass 8tud, another small stud 
somewhat larger, whose shoulder moves along the space oi* the scale, 
vhicfa is between the dovetail edges; an opening is made in this 
space 4.5 inches long, and three twentieths of an inch wide ; a dou- 
ble shouldered screw, having a steel coUet, and braids milled bead ; tlic 
double shoulder comes from under the scale, and through the ojien- 
ing the screw is tapped, and works in a hole in the Kole of the largest 
brass stud ; another milled headed screw turns in the largest brass 
stud, the head near the stud outside ; thiii part uf the screw cannot 
move endways in the stud ; the tapped ])art turns in a screwed hole 
in the head of the smallest brass stud. The screw under the scale 
fixing the largest brass stud on the dovetail space, the other, on l)eing 
turned, will, by means of the smallest .stud, bring the nonius ver\' ac- 
curately to the place wanted on the hcale ; the long opening ik for 
the double shoulder of the screw to move back and forward in, along 
with the dovetail piece and nonius on it. A very sniall and nice 
beam oompass is requisite to accompany this sliding scale ; or two 
onall and short cyUndrical steel pins with conical points may be at- 
tached to the scale itself, as done in the one we use. AVhcn the 
loienge is home and coinciding with 0, let a hole he made through 
the dovetail piece near to the end where the fwuiuH U laid, and 
the scale truly opened, so as the steel )X)ints may stand i)erpendicular 
to the plane of the scale, and coincide in the same point ; but to this 
point they cannot be brought, when the one point is fixed to the 
scale, and the other to the sliding dovetail piece ; one of these iH>int.s, 
the one which is attached to the sliding piece, will require to be un- 
fixed or taken out of its place for the time, when very small diame- 
ters are to be taken. In making use ^ this sliding scale, a little 
knowledge of the rule of proportion, and of decimals, is necessary ; by 
it the aiae of the pinions may be had before the wheels are made, or 
give the diameter of a wheel to a given pinion. Clock-makers, before 
makii^ their pinions, are in the practice of first having their wheels 
cot ; as it ia from the teeth and spaces, they get the diameter of their 
pinions. By the proper use of this scale, the pinions may be made 
at any time, whether the wheels are made, cut or not cut Clock and 
watch-makers have different methods for taking the diameters of pi- 
nions, as well as different siaes : some take more or less of teeth and 
space by the pinion gige than others do, and- the greatest aecoiacy 

I 
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by thb way, is not quite attainable, unless having very extensiye and 
nice practice* Some use a sector, having a line of equal parts had 
down on the l^s, and just at their inner edges ; but if no mistake is 
made in calculation, the sliding scale appears to give these things with 
the greatest degree of precision. A fiew examples with it shall be given. 

The great wheel of a turret dock being 13 inches in diameter, and 
having 120 teeth, the pinion which it is to drive to have SO leaves r 
It is required to have the diameter of the pinion ? 

Say, as 120 teeth + 2.25 (the addenda for the driver) = 122.2& 
is to 12 inches, or 12000, the diameter of the wheel, so is 20 the 
pinion leaves + 1 -5 (the addenda for the driven) =: 21.5 to a fourth 
number, which will be that for the diameter required. 

Then, as 122.25 : 12000 : : 21.5 : w. 

21.5 



60000 
12000 
24000 



122.25)258000.0(2110.4. The number required for the 

24450 diameter of the pinion. Say 2*1 

inches, and -^^ of an inch. 

13500 

12225 



12750 
12225 

52500 
4«900 

3600 

The diameter which is given hew for the pinion,^ is greater than 
the projection of the steel edges of the sliding scale can take in, which 
was not intended for work quite so large; yet when it is set to 8110<4^ 
the diameter may easily be trantferred from the steel edgea by means 
of a pair of calipers. In such large work as this, what cannot ba 
done by the sliding scale, may be done very easily^ and witii the 
greatest exactness by the common Gunter^s scale, whcve inches, tenAa* 
and two hundredths of an inch, can be taken. 

The great wheel of an. astronomical dock having 96 teeth, thedi»> 
meMnr ai^inches^ and ^Syv of an inch morei or say SBStOf the pinion 
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wUA H is to dri?^ ig to Ure 30 hmwcB : What nuit the dtameter of 
tlds pinion Uf ? 

96+2.25=9a25. The dUmeter 3890, and the pinion 90+1.5= 
3IA 

Tim, aa gB.25 . 3290 : : 31.5 : r 

31.5 



16100 
82i0 
9660 



d8.25)l0l430.0(10S2.3. The diameter of the pinion mutt 
9825 be 1 inch, and ||^ of an inch. 

81800 
29475 



S3960 
19650 

36000 
29475 

6525 

The gf eat wheel of a oommon eight^^day dock hating 96 teetb^ 
nd 919 inches in diameter, or 3900 ; the second wheel pinioii 8^ 
what ilM»rid bto the diameter of the pinion ? 

Ag 98.25 : 3900 : : 9.5 : 309.4. The diameter of the pinion muH 
ke 3 ^ an inch, and ri^ ot an inch more. 

The diluneter of any wheel (by hating the diameter of the pinion) 
may be found in the same way as that of the pinions. 

The diameter of the centre, or gecond wheel pinion of a spring 
elack, bstng 2.8 tenths of an inch, or 280, and 8 lea(ves, the gresi 
wheel to hare 96 teeth : Required the diameter t 

8qr, as 9.6 : 280 : . 96.95 : a:, or 2895.8. The diameter wUdi 
Ato great wheel ought to be, being 2.8 inches, and T$jtr ^*>i ^^ 

Having a wheel of 120 teeth, and whose diameter was 4.8 inches, 
to get the diameter of a pinion of 48, a slip of paper was extended 
&nt 50 teeth, according to a rule of M. BerthtnuTMy which measured 
■fe legigth 0200 as the circumlbrence of the pinion. From this cif- 
emference to find the diameter, say 355 : 118 : : 6B00 : 1979, tUs 

i2 
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last number is the diameter of the pinion. By the same method^ 
1012 was given for the diameter of a pinion of 34 ; and for a pinion 
of 12, 538 for the diameter of it. 

Calculating these numbers by the rule given when using the slid- 
ing scale, they were 1943, 1001, and 530 ^ and comparing them 
with those given by Berthoud's rule, it will be seen that il gives the 
diameters rather too large. It may be observed here, that pinions of 
lesser numbers have a greater diameter in proportion than those of 
double or quadruple the number. For example, the pinion here of 
12 has the diameter 530 ; this multiplied by 4, will be 2120, and the 
diameter of the pinion of 48, was only given 1943. But the more s 
pinion approximates in number to the wheel, the less will be the dif- 
ference of the ratio of their diameters. 

It would appear, as has already been hinted, that Berthoud had 
relinquished the rules for taking the diameters of pinions, as given in 
bis Essaiy by comparing them with the pinions in a very fine marine 
time- keeper. No. xxxiii. Inventee par Ferdinand Berthoud, 1785, 
being twenty-two years after the publication of his Essai. All the 
pinions in it had 16 leaves, and were all of the same diameter 
148, as taken by the gage of the sliding scale, measuring ten teeth 
and spaces of the wheels, whereas they should have measured eleven 
teeth and spaces. The slip of paper method would have made their 
circumference 520; and the diameter 165.5, or 11.18 teeth and 
spaces, giving a much greater diameter than what he had afterwards 
adopted in his practice. The diameter of the great wheel IJBl, and 
192 teeth, driving a pinion of 16 leaves : Required the diameter of 
the pinion ? Say, 194.25 : 1751 : : 17.5 : 157.7; this last number 
is then greater than 148 by t|^ of an inch. All the pitchings in 
this time-keeper were, however, extremely good, the teeth apparently 
approached to that of having a drop, and yet it could not be confi- 
dently said that they had. 

The rule which Mr. Hatton, (in his introduction to the mechanical 
jpart of clock and watch-making,) has given for finding the diameters 
of pinions, will make them too large : and that which is given in a 
very respectable work (Rees's Cyclopaedia) wiU make them larger 
still. The rules are nearly the same in both, only Mr. Hatton^s 
addenda is 1, and that of the other is 1.5. Multiply the number 
intended for the pinion by 2, then divide the product by 3, and to 
the quotient add 1, or 1.5, as they may apply, and this will be the 
diameter in teeth and spaces, taken from the wheel which is to drive 
the pinion. An example shall be taken in both cases for the diame- 
ter of a pinion of 8 leaves. 
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8x2 = 16^3 = 61+1 =6f 
8x2=16-^-3 = 61 + 1.5= 6.8. 

Although the rule now to be given, diiTers not very materially from 
the two last, yet it will be found to be a good one, and give such diame- 
ters to the pinions as will at all times and cases ensure safe pitching 
Multiply the given number of the pinion by 2, to the product add 1, 
and then divide by 3, the quotient will be the diameter required. 
Take the former as an example, 8x3= 16 +1 = 17 +3 = 6|. 
fieing three teeth, two spaces, and two thirds of a space, taken by the 
calipers from the teeth of a wheel not rounded up, and which will be 
a diameter sufficiently large. In taking the diameter for a leading 
pinion, it will make but a very small difference, wlicther the addenda 
is two, or two and a quarter. For a pinion of eight, the diameter in 
the one case is 6, and in the other 6.08. 

In a very excellent clodc, which was planned out by a very ingeni- 
ous artist, and executed by another, who (it may truly be said) have 
perhaps not leh their equals behind them, were two leading pinions 
so very accurately made, tfiat it has been thought proper to give them 
a place here. One of them, a pinion of 8, leading a wheel of 96 
teeth, and 3 inches in diameter ; the diameter of the pinion by the 
sliding scale was 316. To find its diameter, say, as 97*6 : 30()0 : : 
10.25: 315.6; this last is so near, that between it and the actual 
diameter 316, there is not ^rvw^^^ i^^^ of difference. The other 
a pinion of 12, leading a wheel of 365 teeth, whose diameter was 7*9 
mdiea, that of the pinion 307. To show what it ought to be, say, 
as 366.5 : 7900 : : 14.25 : 307. ; such extreme accuracy is rarely to 
be met with. The diameter of the great wheel of a clock being 3.2 
iiicbes, having 96 teeth, and the pinion which it is to drive has 8 
leaves : Required the distance their centres should have, so as ihey 
nay pitch properly together ? say, as 98.25 is to 3200, tlie diameter 
of the wheel, so is half the sum of the wheel and pinion added to- 
gether, to a number which shall be the distance required. 96 +8 = 
104, half of which is 62. ; then 08.25 : 3200 : : 52 : 1693.6, the dis- 
tance which the centres ought to have, which is 1.6 inch, and j^^ 
of an inch more. 

Having the distance of the centres, it is required to find the dia- 
meter of a wheel of 96 teeth, and the diameter of a pinion of 8, which 
It is to drive, so that they may pitch properly together ? The half 
iom of the wheel and pinion is 52, the distance of the centres is 
1683.6, and the wheel 96 + 2.25 = 98.25; then say, as, 52 : 1693.6 : : 

i3 
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98.25: 3199.9, which number is that for the diameter of the whed 
96, and is within tt^.t^q? part of an inch of 3200. To find tke dia- 
meter of the pimcHi, say, as 52 : 1693 6 : : 9*5 : 309.4, the number 
for the diameter of the pinion being the same as was found in an- 
other case. The examples given here for the practical dockmakery 
ought to be suiBcient for the watchmaker also : but, in order to make 
the matter as familiar to the latter as possible, a few cases may be 
taken with watch wheels. 

The fiisee great wheel of a repeating watch, having 60 teeth, and 
780 in diameter, the second wheel pinion (which it is to turn) to be 12: 
Required the diameter of the pinion ? Say, as 62.35 : 7^ - - 19.5 : 
169) the number of thousand parts of an inch on the sliding scale, 
taken from between the steel edges, for the diameter of the pinion. 
The second wheel of the same watch having 64 teeth, and the dii^ 
meter 668, the pinion which it is to drive to have 8 leaves : Re- 
quired the diameter of the pinion ? 

as 66.25 : 668 : : 9.5 : 96. 

The second wheel of a watch having 100 teeth, and in diameter 
769i the pinion 10 which it is to drive : Required the diameter of 
the pinion ? As 102.25 : 7^9 : : 11.5 : 86.4, the diameter required. 

A wheel of 64, and one inch in diameter, drives a frinion of 6 
leaves : Required the diameter of the pinion ? As 66.35 : 1 000 : : 9.A^ 
143.4, the diameter required. 

To find the diameter of a wheel, 64 being the number of teeth 
which it is to have, the diameter of the pinion 143.4, and 8 leaves* 
as in the last example ? As 9.5 : 143.4 : : 66.35 : 1000. The 
number 1000, or one inch, is the diameter required for the wheel. 

The diameter of a fiisee great wheel of 60 teeth is 7^0, the ae^ 
cond wheel pinion which it is to drive is IS : it is reqoifed to fiad 
die distance of their centres ? The wheel 60, and die jnnion 12, aM- 
ed together, make ^2, the half of which is 36; dien as 62.25 : 780 
: : 36 : 451, the distance between the centres, being 4.5 tenths of aan 
inch, and toW part of an inch more. 

The diameter of a second wheel of 64 is 668, the pinion of the 
third wheel which it drives is 8 : Required the distance of their 
tres? 64 + 8-72^2 = 36. Then as 66.25 : 668 :: 80 : 
the distance between the centres ; being three-tenths of an inch, aad 
fi^ parts of an inch more. 

Supposing the fusee great wheel to be lost, as also the seooBd 
wheel pinion, having the distance of their centres, to find what shooM 
be the diameter of each, so as they may be made to pitch properlj 
togedier at die given distance of their centres f The distance given 
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ii i5l, the great wheel ii to hare 60 teeth, and the tecond wheel 
pmioii to be 18. To find the diameter of the great wheel, laj, aa M 
(wUdi ia the half of the sum of the whed 60, and the pnioB 18, 
added together,) it to 451, ao is 62J25 to the diameter required. 
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A whed of twice the diameter of another will contain twice the 
aumber of teeth, but the area of the circle will be four timet that 
of the other, to that if the weight it eight ouncet, that of the other 
will be two, both being tuppoeed of equal thicknett, — the circum- 
fa e ncee of circlet being to each other at their diametert, their areat 
at the aquaret of their diametert. 

Although high numbert have been very properly and frequently 
leooaimended, yet there it a danger in carrying thit too fiur, becaute 
Ihey require to have the tite or diameter of the piniont a little lett, 
than to thote where common numbert are uted, at the tmallett de> 
viatioii or wearing of the holet will alter them contiderably in their 
fitchiagt } and thit it what we conceive mutt have led Berthoud at 
latt lo have the diametert of hit piniont tmaller than what the com-v 
■KMinilet give. 

A tector, and a tector depthening tool, were made by Mr. Joteph 
BkDey, for which the Society fiir the Encouragement of Artt, Cotn- 
ateroe, fee voted him a premium of twenty guineat. See an account 
of them puUithed in 17S8, in the tixth volume of the TrantactioBt 
of that Society, page 188, accompanied with two platet of the 



The detcription which it given of them it not to complete at could 



120 LE cerf's sector pitching tool. .' 

have been wished, nor do they appear to be so convenient as the.'one 
made by Pennington, which serves both as a sector for taking the 
proportional sizes of wheels and pinions, and as a depthening tool. 
In this of Ridley's, we have to adjust the sector to the half sum of 
the number of teeth in the wheel and leaves in the pinion, and then 
bring two legs of the depthening tool to be adjusted to this place : 
this is requiring two sectors, when one could do the business equally 
well. It is objectionable also, by the steel pins or cylinders for 
marking off, standing in an angular position to one another,— one of 
them, a pumping one, is held up in a perpendicular position, when 
marking off by the other leg, which is a fixed one, and thereby is 
made to mark off in an oblique position. In Pennington^s, the two 
marking legs, or cylindrical pins with conical points, stand at all 
times parallel to each other, and they will set off at any opening the 
true places of wheels and pinions. 

The plain sliding scale is much preferable to either Penning- 
ton's or Ridlcys, only it requires a little more calculation to be made 
when using it. 

Some few years ago, we had seen it stated somewhere, (so far as 
we recollect,) that a sector pitching tool had been invented by M. 
Le Cerf, watch-maker in Geneva, and that a description of it was 
given in the 68th vol. of the Philosophical Transactions. Lately^ 
on turning up this volume, we were much disappointed to find ne 
description^ although a paper was given in by the inventor to Leid 
Viscount Mahon, then residing at Geneva, along with the two in* 
struments, requesting his Lordship to present them to the Rojral 
Society of London. The paper is entitled, ^* A Description of the 
Instruments ;'" yet in reality there is no description given of the in- 
struments, although a long detail is given of their properties md 
various uses, whereby they can be applied to the properly siiing of 
wheels and pinions in watch-making, &c. As the Reverend Secre^ 
tary of the Royal Society had got these instruments in 1778, with 
■the said descriptionj to present to that honourable and learned body, 
it is to be regretted that a drawing or engraving had not been taken 
of thenhy as then a description of them might have been given, 
(though not in the inventor^s words,) which might have conveyed 
some idea of the mechanism or construction of these machines. This 
term is used by the inventor, as well as instruments* We are, 
however, humbly of opinion, that from what has been said of Pen- 
nington's sector, and also of the sliding scale, that they come as near 
to the purpose as those of M. liC Cerf. And taking sires even by 
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the teeth and spaces on a wheel, for the sise of a pinion, every in- 
tdhgent worionan knows what allowances are to be made, accoidr 
ing as the whed is to give a more or less number of revolutions to 
the pinion. 



CHAPTER VI. 

On Penduiuma ; the influence qf gravity an them at different parte 
of the^ Globe, compared tcith the influence of their euapension^ 
springe by changes of temperaturcy 4-0. ^. 

Thk motion of the pendulum is intimately connected with the 

law of falling bodies. Early in the seventeenth century, Gallileo 

observed, that a body, when left by itself to fall, the spaces it de- 

aoenda in equal times will increase as the odd numbers, 1, 3, 6, 7, 9, 

lur., and, when thrown up by any force, the spaces gone through in 

•aoending, decrease in the same way, nor will it begin to fall back 

oil it has completed one, the last number in the decreasing pr o gr e a- 

siofL Suppose the line A £, Plate III. No. 12. to be a perpendi- 

colar heif^t divided into 16 equal parts, each of which to represent 

m mpmot^ equal to that which a falling body goes through in the first 

aeoond of time when descending. From experience and demonstra- 

tioii, this is found to be 16 feet 1 inch, and a small fraction of an 

iBch more : taking it for such as measured from A to B ; in the next 

aeoond of time it falls from B to C, a space three times that of A B ; 

in the third second, it falls from C to D, which is five times that of 

A B ; and from D it faUs to E, seven times the length of A B, in 

the firarth seomid of time. The square of the times is proportional 

to the spaoes descended by a falling body ; for example, in falling 

fioni A to E, the time was four seconds, and the space descended 

257.438 feet, being the product <^ 16 feet I inch, and 079 of an 

isdi, multiplied by 16, the square of the time of falling. From A 

Co C it fiUls in two seconds, the square of which is i, and I6i',x4 

= 64 fieet 4 inches, the length of the space descended. 

It can be shown, that the square of the diameter of a circle is to 
the square of its circumference, as the length of a pendulum is to 
double the height from which a body falls during the time of one of 
ito vibmtioDs. A pendulum which vibrates seconds, being in length 
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99.186 inches, it can thence be deduced from what height a hesry 
body will fall in one second of time. Let 113 be taken for the dia- 
meter, and 355- for the circumference of a circle ; then, as the square 
of 113 is to the ^uare of 355, so is 39.126 inches, the length of b 
second^s pendulum, to 386.158 inches, the half of which is 193.Q79 
inches, or 16 feet 1.079 inch, the space which a falling body will de- 
scend in one second of time. By taking 19.563 inches, the half of 
the length of the second^s pendulum, the same result is more directly 
obtabed ; that is, as 12769 : 19.563 : : 126025 : 193.079— 193.079 
inches is the height from which a heavy body will descend (or fall 
through), in the time of one vibration of a seconds pendulum ; the 
length of this pendulum may be found by the following proportion, as 
126025 : 12769 : : 193.079 : 19.563, and twice 19.563 p 39.126 
inches, the required length of the pendulum. If a pendulum makes 
two vibrations in the time that a heavy body takes to fall 193.079 
inches, its length may be known as thus : The square of two is 
fiwur, by which divide the length of the second's pendulum, and 
0*78 inches is given for the length of the other pendulum. The 
tecond'^s pendulum being shorter at the equator than in the latitude 
of London, a heavy body there will fall through a less space in a se- 
cond of time ; at the pole it will fall through a greater space, the 
kngth of a second's pendulum being greater there. The force ^f 
gravity at the equator being to that at the pole, as 144 to 145. As 
they apply to this subject, the following are some particulars of an 
astronomical clock made by Geo. Graham, and sent in the year 
1731 out to Black River, in the island of Jamaica, in the latitude 
of 16^ north : The dock wright that keeps the pendulum in motion 
b 12 lbs. IO4 02. and is to be wound up once a month. The weight 
cf the pendulum itself is I7 lbs. ; and during the time that the clock 
was compared with the transits of the star Lucida Aquilae, it vi- 
brated each way from the perpendicular 1^ 45'. The magnitude 
of the vibrations was estimated by means of a brass arch, which was 
fined just under the lower end of the pendulum rod, and divided 
into degrees, &c. August 31st, Mr. Graham took eff the weight 
belonging to the clock, and hung on another of 6 Ibe. 3 oir., and 
with this weight the pendulum vibrated only 1^ 15^ on each side, and 
the clock went slower 14- seconds in 24 hours, than when its own 
weight of 12 lbs. lOi os. was hung on. On comparing the vibra- 
tions, it appears, that in one apparent revolution of the stars, the 
dock went 2 minutes, 6' seconds, slower in Jamaica than in Lon- 
don ; deducting therefore Si seconds, on account of the greater beat 
IB Jamaica, there remains a difference of 1 minute 58 seconds. 
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which nuit neoesMrily mm. Without entering into the dispute 
abmit the figure of the earth, Mr. Bittdlej at preicnt fuppotes, with 
Sir Lume Newton, that the increaee of gravity, ai we recede from 
the equator, ia nearlj ae the iquare of the sine of the latitude, and 
that the difimoee in the length of penduluma if proportional to the 
aiigniulBtion or diminution of graTity. 

On these auppoeitiona, Mr. Bradley ooUecU from the above men^ 

tioiMd obwrvationa, that if the length of a simple poidulum thai 

aviiiga seoonds at London, be 99.196 English inches, the length 

of one at the equator would be 80.00, and at the poles 99.906. And 

abaaiaeting from the alteration, on account of diiGerent degrees of 

best, a pendulum dock, that would go true under the equator, will 

gain 3 mimitee, 4fH seconds in a day at the poles ; but the nu»» 

ber ef seconds that it would gain in any other latitude would be^ 

to 3 minutes, 4<^ seoonds, nearly as the square of the sine of that 

latitude, to the square of the radius ; whence it follows, that the num- 

of seeends a dock wiU lose in a day, on its removal to a place 

to the equator, will be, to 8 minutes 48^ seconds nearly, aa 

die dilfaenoe of the squares of the sines of the respective latitudes 

IB to the square of the radius ; for example, the latitude of London 

ia Si"" 81', the sine of which is 7828, and the Utitude of Black 

River 18'^, the sine of which is 8090,— the difference of the squares 

of these sines is .0173 ; then, as 1.000 : .6173 : : 3 minutes, 48; aa. 

aeconds : 1 minute 58 seconds,^ — ^the number of seconds that the 

ciodc lost in a day at Black River. See Phiiowphieal Traiuaetkm^ 

aoano 1734, No. 432. A pendulum keeping mean time at the 

etprntor, will go fkster as the degrees of latitude increase, as 

bited in the following 
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The latitude of Edinburgh being 55^ 56^, the sine of which is 
.8284, and the square .6862, the difference of the squares of the sines 
of the latitudes of London and Edinburgh is .0785, giving 16.79 
seconds that a dock would lose in a day, on being removed from 
Edinburgh to London. As 1 : 0735 : : 22a5 : 16.79. 

The rule given here may be an approximation to the time that a 
clock ought to keep according to the latitude of the place. To show 
that it is only an approximation ; two clocks, one of which kept si* 
derial time, the other kept mean time, each with great exactness at 
Edinbiu^h in the year 181 By on being sent to London, every precau- 
tion was used, that nothing should tend to affect or alter the pendu- 
lums ; the siderial clock lost about 18 seconds a day there, and the 
mean time clock lost about 21 seconds. It has been stated by some, 
that the gain at the Pole would be 5 minutes a day. Captain Fhipps, 
in his voyage towards the North Pole in 1773, tried the going of a 
seconds pendulum, which had been long before that fitted up by Mr. 
George Graham to vibrate seconds in London, at the temperature of 
60o. The trial was made on a rocky island in latitude 79^ SO' north. 
And this pendulum was found to accelerate from 72 to ^3 seconds 
a day. The difference of the squares of the sines is .3559, and by 
the rule gives 81.23 seconds that should have been the gain in a day. 

Captain Kater, who is eminently qualified to make experiments 
with the pendulum, went for that purpose, in 1819, to Unst, one <^ 
the most northerly of the Shetland isles, in latitude 60^ 44', where 
he found it to have 36 seconds of acceleration in a day, on the mean 
time which it kept at London. 

The sine of 60^ 44' is .8723, the square is .7609, the difference ia 
.1482, and 228.5 x .1482 = 33.86 seconds. 

228.5 log. 2.3588862 

.1482 log. 91708482 

33.86seconds.log. 1.5297344 
On this subject there is a very able and ingenious paper by Captain 
Warren, given in the eleventh volume of the Asiatic Researchesy 
which see. 

It is well known, that if a body P (Plate III. No. 13.) in place of 
descending vertically, is made to roll down on an inclined plane P S, 
when it arrives at S, it will have acquired the same velocity as if it 
had fallen in the perpendicular line P R, but after a longer time, and 
if from the point R a line is drawn' perpendicular to the inclined plane 
P S, the space P T will be that which the body P wiU roll down in 
the same time that it would have taken to fidl down the line P R. 
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In a semi-circle, such as A G C, No. 14. if from a point G or ^ 
vhererer placed in the circiunfinrence, lines A G and G C, or A g 
and ^ C, are drawn from the extremities of the diameter A C» a body 
falling from A to G on tlie inclined plane A G, or from G to C on 
the inclined plane G C, will frll always exactly in the same space of 
time that it would have taken to frU along the vertical line or diame- 
ter A C ; the same will be the case on the hues A g and g C. 

The simple pendulum C M, No. 15. in its state of rest, takes the 
vertical line C £, because it cannot fall below the point £ ; when 
drmwn aside from £ to M it will be raised up to a height equal to 
H I, F M, or £ D, called the versed sine of the arc E M i falling then 
from M to £, it will accelerate its motion according to the observed 
law of falling bodies ; arriving at £, it will have acquired a velocity 
capable of raising it to the same height, it will then go as far as I, and 
will describe the arc £ I ; these two arcs, or two half oscillations, form 
one €}8cillation, or one whole vibration. 

If the vibrations are very great, they will not be isochronal, that 
is, tbey will not be performed in equal times, should they be a httle 
enlarged or diminished : for the oscillation which shall begin at K 
wiU be sooner completed, than that which shall begin at M, the arc 
being longer, more time will be required to describe it* But if the 
vibrations are very short, such as one or two degrees, the arcs will be 
almost equal to their chords, which must be easily seen. The chorda 
G C, ^ C, No. 14. are always fallen through in equal times, and so will 
be their arcs, at least they will be somewhat very near to it. 

A simple pendulum is understood to be a heavy body, conceived 
to be in one fixed point, M, No. 15. and suspended to a point C by an 
inflexible line C M, supposed to be without weight, and without re- 
sistance, either from the point of suspension C, or from the volume 
of the air through which it vibrates. The compound pendulum ia 
that, where several bodies are considered to be fixed on the line C M; 
if^ for example, in place of supposing the mass of the body M to be 
whoDy in one point M, we suspend a heavy ball, whose semi-diame- 
ter is M G, or that the line C G has itself a certain weight, or that 
there are two weighu A C, on the line S C, as in No. 16, the pen- 
duhm will be a compound one, because its weight is no longer in 
cne pcnnt, but is found distributed on different parts of the rod, or 
on the diameter of the ball. 

Although a simple pendulum, (like mathematical lines and points 
may be definedj) yet no such thing can exist in nature ; on the con- 
trary, all pendulums that are made u^ of, have a weight distributed 
on different points of their length ; yet in calculation it becomes re- 



126 THE PENDULUM, LAW OF FALLING M^l^tESy Ut* 

qoisite to reduce thefti to the simple kind. The nearest a|yproxiaiii« 
tion to it may be a small ball of lead, |(old, or platmnm^ auspead^ 
by a thread of the finest silk, or by a filament of a epedes at aloe, 
which is extremely light, and not affected by drought or moiitttre. 
Suppose a pendulum S C loaded^ not only with one weight, bat with 
two, (or a greater number,) such as A toki C, so that each of ibtie 
weights is considered as reduced to a point ; it may easily be seeD, 
that this new pendulum will madce its vibrations fiisler, thtt if it had 
only the weight C, because the weight at A tends to make its vibfa- 
tions with the same predpitation as if the pendulum had only the 
length S A, which is much shorter ; and it, on the othe^ hand, is in 
part retarded by the weight C, which cannot mske its tibraitionff, 
but with the slowness that the long pendulum S C requores ; thii» 
the compound pendulum will neither be isochrone wid^ the penduhttd 
S C, loaded with the weight C, nor with the pendulum S A, loaded 
with the weight A, and its velocity wiH hold a mean betweettboth, 
and WiH be isochrone only with another simple pendulum S D^ whose 
length must be sought. 

The point D is caBed the centre of oscillation, or centre otfettOB* 
sion of the compound pendulum ; thus the centre of oseUlation D 
i» the point where all the weight of the body which osdllates flu^hl 
be broi]^ht, without changing the time of the vibrations. It is alae 
called the centre of percussion, because it is the point where th^ 
whole effort comUffeir, where the percussion nnttt be the strongest, 
and where all the parts would remain in equilibrium, if the p^idulum 
should be stopped at this point ; supposing that the pmnt of sus- 
pensbn produced no resistimee, and became free at the momfent of 
percussion. As the weights A C are combined together, and eannot 
move one without the other, it fellows that each of the weights wiQ 
£stribute its effort, and will communicate it to all the otheni In pro- 
portion to their mass, and to their distance from the point of 8uspeii>- 
sion S. Thus the velocity of the entire bodjr will keep t raesft, 
between the velocities that the fiffisrent parts would eSftct tttpm^ 
rstely; consequently there will result from it a common effort, 
that wiH maintain the mean between aU the others, and dm eflbvt 
will be eterted at the point D, as their common* centre; so iSM^ m 
any other point that should be hrgfaer up^ the tipper patrts would aet 
more than the imder ones, and in any other point that should be be^ 
low the centre of oscillation, the under parts C would act more than 
the former ; the centre of osciBation^ is then the only point on whidi 
all the partis act equally, daring the vibration of the pendultu^, when 
going to mean time. And, therefore, to find the centre of osdHitkm 
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D, nuikipfy each of the weights by the aquare of iu distcDce fiom 
tlie poHii S, add all thew ptoducu together, and abo the piodactscf 
eadi of the weighta by their <fistanoe frem the point S» and divide 
the fint SOB of ^e producti by thk new sum, the quotient will be 
the length aought S D. Siqipoae the length of the pendnkuBi red 
&am S to the point C, 48 inches, and to the point A, 86 inches, the 
vaults A and C 8 lb. each. Finding the length S D b j this mk, 
it will be given a little more than 30.2 inches. The mace daboxace 
mimlati ons fiir this purpose, known only to those who have practised 
IB the U^^ier bcsndies of mathematics, oome not within the plan pe»- 
poaedfior this work. 

48x42x8=^14112 43x8s336 

36x86xB== 10368 36x8^288 
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Kt ia well known that a clod^ when going either too fiwt or loo slow, 
is CDnected by the letting down or raising up the ball of the pend»> 
hnn, or, in oommon language, by the lengthening or shortening 
of the peadalum. At the time of this operation, frw of the praeti- 
cal artists ever think of the determined or fixed point of the oentve 
of oedDation, where mean time can only be produced ; and touching 
prndnlian in this way, is actually no more than to anango or 
all die parts which form its mass, to combine their eflbrts at thiO' 
pointy (or centre of oscillation,) so as to give the time required. 

To mathematicians it is b»wn, that the centra of gravity in a pe»- 
dniom must be above the centra of oscillation, the latter being a fixad 
point, the other not so ; but in com m on, both ara above the centra 
of the ball ; yet pendulums having a small or slender rod of mslsii 
sach as brass or iron, or of wood, like what is used in ordinary dooka^ 
will some veiFy near the dock-maker's purpose, when making his peD» 
dnhsm to*length, by setting off the centra of oerillatimi, dien btin^ 
ing aesDr te it the centra of gravity. For this purpose the pendulum ki* 
hid scesss an edge, the edge of • knife fcr example, in order to brings 
h mora readily to an equilibrium, wfaidi is done by means of die ra* 
gnhttng nut and screw, setting the baD mora or lem distant from the 
ed^; thia determines the point or centra of gravity. The penduhm- 
baD nmy thus be brought so near to its place, that when regulating 
dm doAf Kttlo mora will be afterwards required, as it will be fimnd 
going at or very near to time. Wera these things attended to, pea- 
dnhmsa would be better formed, and much time sated. 
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The centre of oscillation is understood here, to be a point on the 
seconds pendulum rod or ball, measured off at 39.2 inches from the 
point of suspension, (or rather 39.126 inches, but the former is per- 
hiq>s easier, and any of them is near enough for the purpose,) dr from 
that point where the pendulum spring bends when the pendulum vi- 
brates. With pendulums having heavy balls and compound rods, 
such as the Gridiron, or zinc tube pendulums, or ev^n the mercurial 
one, with its slender rod, it becomes a very intricate calculation in 
the science of Dynamics, for which few are competent, to get the 
exact place or point for the ball, or that of the centre of gravity for 
the pendulum, as shall co-operate with the centre of oscillation; va^ 
nous and minute circumstances will contribute greatly to affect the 
relative situation of these points, and none more so than that of the 
pendulum spring, according to its strength or thickness ; as will af- 
terwards be shown. 

On this subject, see MtmtucMs Histaire des MatMrnatiqueSy 
tome second. Article II L p. 4S1. The preceding was, however, 
written before we had an opportunity of seeing Montuda. 

What the relative situation of these centres were in some of our 
pendulums, shall now be stated for the information of those who may 
take an interest in a subject so curious as this is. 

A wooden rod pendulum, weighing 10 lbs. 10^ oz. of which the 
ball was 10 lbs. the centre of gravity was .8 of an inch above the 
centre of the ball, and .7 of an inch above the centre of oscillation. 
Another pendulum of the same kind, the ball of which weighed 7 lbs* 
, 13j oz. the rod, regulating nut, steel wires, brass mounting, and pen- 
dulum spring, 11 j^ oz. ; the centre of gravity was above the centre 
of the ball 1.5 inch, and above the centre of oscillation 1.36 inch. 
One of this sort, whose ball, regulating nut, and socket, weighed 9 lb. 
2^ oz. ; the wooden rod, with the regulating screw fixed on it, the 
brass mounting on it, pendulum spring and top piece, 6 oz. 2 drs. ; 
in all, 9 lbs. 8.875 oz., the thickness of the pendulum spring .006 of 
an inch, the centres of the ball, and that of oscillation nearly coin- 
cided at 39.2 inches, the centre of gravity was about .8 of an inch» 
or a very little higher above them. 

A gridiron pendulum, the ball of which weighed 16 lbs. 31 oa.^ 
and in all, with the rods, 19 lbs. 9i oz. The centre of gravity was 
4.75 inches above the centre of the ball, and 2.42 inches above the 
centre of oscillation. Another pendulum of this sort, the ball weighed 
10 lbs. 8 oz., and the rods, &c. 5 lbs. 13 oz., the whole 16 lbs. 5os. 
The centre of gravity in it 7 inches above the centre of the baU% 
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and 4 indiCB aboTe the centre of oscilUlioQ. A sine tube pendultim 
weighed 21 Ibt. 16 os.» of which the ball was 18 Ihs. 7i oi. The 
c^itre of grarity above the centre of the ball about 2.63 inches, and 
afaore the centre of oscillation 1.53 inch. A pendulum after Ward's 
plan, the line and steel bars, ice. weighed 2 lbs. 13? os., the ball IS 
lbs. 13 oa.y in all 15 Ibe. IO4 oa. The centre of oscillation was above 
the centre of the ball 1.55 inch ; the centre of gravity had been omit- 
ted to be taken. 

A mercurial pendulum, which weighed in all about 14 lbs. 2 01. ; 
the centre of oscillation in it was 4.75 inches above the sole of the 
jar ; the column of mercury was about 6.75 inches, of which near to 
four inches were below that centre. 

Peter Le Boy thought it possible that the pendulum spring of a 
dock might be so formed^ that the long and the short vibrationa 
ahould be performed in equal times. See his Metnoirey page 15, at 
the end of ^* Voyage fait par Ordre du Boif en 1768» pour eproU' 
rer lee Mofiires Marinesj invenUes par M. Le Roy^ Parts j \TJO?* 
Thia is exactly what was suggested Umg ago by our countr]rman 
i<Am Smith, CM. See his Horological DisqtUsUUmsy p. 48. Lon* 
don, 1694. Berthoud appears to have sometime afterwards taken up 
the aame opinion. In his Supplement au TraiU des Mont res a 
Longtiudej Paris, 1607, he says, p. 38, *^ Nous terminerons ees 
Notes en observant que la suspension d resort bien construite tend 
m rendre isockrones les oscillations de penduleJ* 

We are humbly of opinion that this is not to be obtained by means 
of the pendulum spring, unless the pendulum is made to vibrate 
kiger arcs than would be consistent with good time-keeping. But, 
fay endeavouring to obtain isochronism in the way alluded to, it may 
be aaked, whether the pendulum should be left in any degree under 
the infloence of the pmdulum spring, which in this case would of 
come take away somewhat of that influence which gravity must na« 
toralty have on the pendulum ball ; or by keeping the pendulum 
spring no stronger than is requisite to sustain the pendulum properly, 
and to allow gravity to haveiuinflnence as freely and independently 
as possible, seems to be a question that appears should be decided in 
fiivoor of allowii^ gx^Tity to exert its utmost influence and force. 
Thia eondurion is founded on an experiment which we made a few 
yeaiv ago with a wooden rod pendulum, the ball of which weighed 
ten pounds, the pendulum spring was about .016 parts of an inch 
thid^ three quarters of an inch long, and nearly half an inch broad. 
Ilns pendulum, previous to the said spring being applied to it, had 
cue which was a little thinner, and much about the same length and 

X 
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bi^adth, and with it, had been going for some time at a clodc» whidi, 
after being regulated, kept very close, and extremely near mean 
time. The clock 'scapement was of the spring pallet kind, the same 
as represented in Plate VI. No. 35. During the time that the mo» 
tion of the pendulum was kept up with the clock by the force of the 
pallet springs, the arc of vibration described on each side the point of 
rest, was very little more than two degrees. The pendulum remain- 
ing in its place, having the same length as before, (and the dock 
with its "scapement being detached fpcm it,) was then made to vibrate 
an arc of two degrees and a half on each side the point of rest, in eight 
minutes it lost one second ; and on being made to describe an arc of 
one degree and twenty minutes on each side, it lost also one second in 
the same space of time : one second in eight minutes, would, in twenty- 
four hours, be equal to 180 seconds, or three minutes, slower (in thai 
state of the pendulum) than when connected with the dock and 
^scapement. Had the pendulum spring been made thinner, or of such 
a strength as properly to support the pendulum and a little more, the 
arc of vibration would have been greater, when the pendulum was 
impelled by the ^scaperoent or pallet springs, consequently, from the 
greater extent of the arc of vibration, the dock would go slow ; to 
correct which, the ball* would require setting up : Hence the time in 
the detached state, and that when connected with the 'scapement, 
would have been more nearly equal, firom whidi it appears that the 
pendulum should be more under the infltienoe of gravitation, and lest 
under that of the pendulum spring. When the thicker spring was 
put to the pendulum, the influence of it was such, that before the 
dock could be brought to time, the pendulum ball was obliged to bt 
let down about an inch. There are tome ''scapements which have .a 
tendency to retard the vibrations of the pendulum, others to aooderate 
them ; a moderate recoil, or a dead beat, aw of the first sort ; thoee 
which are composed of springs, or which have a considerable reooil^ 
are of the last. It would be a good criterion of a dock and its *9e$ifm* 
ment, if the pendulum, when tried in the detached state, Aonld per- 
form its vibrations in the same time as when attached ,to the ok)ok ; 
but it is a painful and tedious task to count the vibrations of a de- 
tached pendulum for an hour or two, and any artifidal mode 
of ascertaining the number might ultimately prove an unfair MaL 
Calculation for the length of pendulums being founded on their vi- 
brations, as exhibited in their most simple siatey when strong spiuiga 



* Ball, or Bob, of a pendulum, is a general name for the man or welglLt applied 
to the lower end of the rod, without any regard to the figure, which it oommonly knti- 
eolar; it may be globular, coaical, two firuitromi of ooiiei,j|^ ft*. 
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pot to them, so much addttional length of rod is required, that 
the doch-mker in often surprised, and put to some trsuble, by the 
unforeseeii coiMeqiienees that resuk firom them. 

Berthoud made some experiments to see whether the knife pivot, or 

qNing suspended pendulmns in a detaehed state, would longest main- 

tain thm vibrations, and found them in favour of the former : henoe 

he eonchided that the edge or knife pivot was the better suspension ; 

but this was not a fair inference, at least b was not an inference that 

perhaps time would have warranted. In time, the firiction of tlie 

knife pivot gets so much increased by its wearing, and that of the 

groove in which H acts, particularly if the ball should be heavy, and 

the aemi-arc of vibration more than a degree, or if even so much, that 

die former superiority of the knife pivot over that of the spring 

WDold aoon be at an end. He did not afVerwards acknowledge this 

openly, but his tacit acknowledgment is sufficiently strong, by adopt- 

h^ St last the pendulum spring as the better suspension, and Harri- 

aontV gridiron pendulum as the best mode of compensation. It must 

be olMerved, that Berthoud had compensation pendulums fitted up in 

Tarions ways, some of them nearly like to that of Harrison^s. Since 

dteae experiments of Berthond^s were made, a very beautiful oon- 

trirmnce has been adopted with the knife pivot, which is, by making 

the groove look downward, and the edge upward ; this prevents dust, 

wlken falHng, from lodging or getting to the inside of the groove* 

It has been said by some ingenious philosophers, that the motion 
«C m pendulum must be aflTected by different densities of the atmo- 
sphere, whidi certainly is a circumstance very reasonable to suppose^ 
fhture experience or observations may yet be brought forward to 
the resuh or the cflects of these on the pendulum. Indeed, 
Att has already in some measure been done by Mr. Hittonhouse, an 
cadnent Swiss residing in America, who says, ** that a change in the 
fantmieter, fVom 28 to 31 inches, will make an alteration in the going 
of m good astronomical clock, to the amount of half a second in a 
dhj,^ an error or change of rate that cannot be called great, consider- 
ing diat the whole range of the barometer is required to produce it : 
therefore, any partial change, even that of an inch, we may suppose, 
cannot greatly alter the rate of the clock. To compensate these ef- 
ftcCs would be a very difficult matter, in whatever way it may be 
done, whether by the pendulum, or any sort of mechanism put to the 
''aapcment, because any difference in the extent of the arcs of vibra- 
tion^ arising solely from this cause, must nevertheless be extremely 
small, at least so we suspect ; and this is greatly confirmed by the 
ouU diffierence that there is between the length of a pendulum vi. 
bracing sseonds in eseiie and in eosunon air, as lata esp«ini«nta 
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make the length of a pendulum vibrating seconds in vact$o in the 
latitude of London to be - - - - - 39.1386 inchev 
Desagulier states the length of a seconds pendulum 39.128 

Others have it 39.186 

By trials at Edinburgh to get the length, we made it 39.192 

In our calculations it was generally taken at - - 39.2 

For the clock-maker's purpose, any of the lengths may be taken, and 

the results cannot materially differ. 

Mr. Rittenhouse's contrivance for correcting the error caused by 
the different densities of the air, is a large, hollow, and lij^t ball, 
placed on the upper end of the pendulum rod, in an opposite direc- 
tion to that of the pendulum ball ; of this we can say nothiiq;, hav- 
ing had no experience of it. There are other causes which affect the 
extent of the arcs of vibration, of a more powerful nature than that 
of changes in the densities of the atmosphere, and these are, cold in 
winter, and heat in summer, which will operate on the pendulum 
spring in such a manner that the vibrations in summer will be longer 
than those in winter, making a difference perhaps of three or four 
minutes, or more, of a degree. Any changes, however amallj on the 
strength of the pendulum spring, will be easily perceived on the ex- 
tent of the arcs of vibration, whether arising from different tem- 
peratures or different thicknesses. Cold in winter will stiffen it 
or make it more rigid, and summer'^s heat will relax it. The same 
causes ought, and must inevitably produce the same effect on the 
pallet springs, but the body or mass of the pendulum spring 
bebg so much greater than that of the pallet springs, the im- 
pression or effect of heat and cold on i/, is in a much greater 
ratio than it is on them. And this ratio will increase accord- 
ing to the thickness of the pendulum spring. The short area 
in winter must be attributed to the increased tensity of the pendu- 
lum spring from cold, and, when relaxed by the heat in summer^ 
allows the pendulum to vibrate to a greater extent. A dock hav- 
ing the spring pallet 'scapement, or any 'scapement with a spring 
suspended pendulum ; compensation pendulums for such, must be 
made not only to correct the lengthening or shortening of the rod from 
changes of temperature, but the compensation must be made so mach 
in excess, as to correct the long vibrations of summer, and the short 
ones of winter.* 

If, in place of a pendulum spring, we adopt the knife edgef for 

* As platinum is less affected by changes of temperature than steel, it might be an 
improrement to have the suspension spring of that metaL 

-f Knife-edge imjdies a sharp instmment, but is here merely a tdchnfoal t«rm t whmt 
need to carry a heavy peDdufamifk it temed like a short wedge with a loBf edg», tl» 
MhMtp MD^ oi which ia rounded off a little, or bhmtod in a small degree. 
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tke peDduhm to Tibrate on, it will not have the saine causes of error 
from dunget of temperature which took place with the pendulum 
spring, bat there still must be a small difference in the arcs of vibra- 
tioo, arising from the effects of heat and cold on the pallet springs, 
sod which will be shown in a contrary way to those where a pendu- 
Inm apring is used : nothing but heat and cold can operate on the 
length of the rod of a pendulum Tibradng on an edge, yet the cold 
in winter will make the pallet springs a little stifler ; by this they will 
act more fiircibly on the pendulum, and cause it to vibrate a little 
moie out. On the other hand, the heat in summer will relax them, 
irincli consequently will lessen the arc of vibration. In the case of 
the spring suspended pendulum, the compensation was required to 
be in eicesa, as has alivady been mentioned ; and in this of the pen- 
dulum acting on an edge, the compensation for heat and cold on the 
p^ndnhim rod must be made a little deficient, the increased length 
«f the arc in winter, and the decreased arc in summer, supplying what 
is wanted in the compensation. It would be a very diflBcult matter 
to determine that strength of pendulum spring which would support 
s pffidnlnm properiy ; Uie strength should in some degree be propor- 
t i wiah l e to the weight of the ball, because, if they are too thin, and 
an getting a little reUxed by heat, the weight of the ball may be so 
great as to oppose the spring contracting on a return of cold ; if they 
aie too thick, then the bad consequences which have been previously 
shown will ensue. Yet there are artists who have said, that a pen- 
dnhnn spring might be made as thick as the twentieth part of an 
inch, or more, if you will ; there was certainly no knowledge of the 
snlgeet displayed in saying so. When the weight oX a pendulum 
baO runs from ten to twenty pounds, the thickness of the pendulum 
spring may go from .008 to .016 parts of an inch ; not that these are 
fixed p<nnts, and are by no means given here as such, but they are near- 
\j about the thickness of those pendulum springs which we have been 
in the practice of making use of. It is a curious enough circumstance, 
that when a pendulum spring is polished down to any gage for its 
drifffaiess, it will not go into the gage after being blued, getting 
on it, by this process, a coat of enamel, which adds both to its 
thiHnicss and dastidty. It is well known to watch-makers, that after 
watdi pendulum springs are blued, their elasticity is so much in- 
creased, that watches, when going at time with them in the white 
state, are now found to go much faster than before : there is no doubt 
a consideraUe difference in the time kept, would be seen between 
the white and blue state by sAch a change in the pendulum spring of 
a dodt, was the experiment properly tried. 

x3 
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M* Le Boy, in his Memoircy which has been already cpMed^: 
tions an experim^it he made with a qxing fitted up expresdy for the 
purpose of seeing the effects of change of temperature, which he 
placed in a horizcmtal position : one end being ^fixjed, on the other * 
weight was suspended, which &U or rose firomthe spring gettngheftt 
or cold, and the changes of temperature were eeen and pointed out 
by a long index on a graduated arch ; tat the fiftt six mdnths ^le 
changes were obvious, and became iafteiwords gradualiy lesr bo ; the 
weight during cold being up a little way^ thra, on Applying some de- 
gree of heat to the spring, the weight came down, and did not again 
return to its ibrmer position ; perhaps die heat apjdied may have been 
greater than the heat of our atmosphere in the wahnest summer. Thig 
experiment, however, serves little for the purpose of ciock pendulutt 
springs, the circumstances being no way similar. 

Having shown that the efects of temperature on spring pallets^ 
and on the pendulum spring, may be compensated by an excess of 
compensation in the pendulum rod ; yet should this, to some, be un* 
satisfactory, other means shall be pointed out, where dianges of tem- 
perature can have no place except on the pendultim rod. In those 
'scapements, such as the common rec(»l,or dead beat, where the pen- 
dulums are suspended by a spring, still the effects of the change of 
temperature will take place on the pendulum spring, though this 
change does not appear to have been observed ; where a compensa* 
tion pendulum is used, these changes might have been either com-^ 
pensated or overlooked, or the effects of them so litde, that they oeold 
not be well ascertained. 

Let then a pendulum be suspended, so as to act smoothly and fi^eely 
with a groove, moveable upon a well-finished ted fixed edge, the 
groove being uppermost, and in place of spring pallets to have small 
balls, that shall, as in Mr. Cumming'a way^ be impelled hy graviif 
alone when giving impulse to the pendulum, which in the 'same lati- 
tude must constantly have the same force, and cannot be influenced 
by any change of temperatiure, (any influence on the arms of the balls 
is too trifling to take into account,) consequently, whatever errora 
were attributed to the clock, arisii^ from dianges of temperature on 
the spring pallets, and on the pendulum spring, would be completdy 
done away by adopting the knife pivot, and making use of gravity to 
keep up the motion of the pendulum. 

But it is very doubtful, if greater errors might not come in, and 
take place of the former, (nay, it is even probable they may,) arising 
firom the friction, and wearing of the rf^e and the groove, and also 
from the slow progress or motion of the balls when falUng; orwkca 
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rtbed, tlie twing wheel oouU noi be to safely locked with a uibi or 
detest of thai shortness which the spring pallets will allow ; aud, at 
aB eimtt, it would be requisite that the arc of vibration of the pen- 
dttfann ihoold be Terj limited* in order to lessen as much as possible 
the frfctioa aad wearing of the edge and groove ; forty-five nunutes 
ef a degree on each side the point of rest, would perhaps be as much 
as the pendulum could be allowed to vibrate, and this might be even 
too nradi, if the ball was of a considerable weight. 

Mr. Cummingi in his "scapeoienti has the force of gravity i^iplied 
directly to the regulator, or pendulum itself.^ The balls where this 
finoe is generated, are raised up by the swing wheel teeth. When 
doing ao, they raise the balls at once nearly up to their maximum of 
lidgiit, and at the time of unlocking, the force of the pendulum is so 
■ndi gone, that httle more is left than barely to unlock the wheel, 
aay height given beyond that to which the wheel raised them being 
eu u i em e l y trifling. In place of doing so, and although we propose 
Kkewiee that the swing wheel teeth shall raise up the balls, yet our 
•Blocking is to take place at a time when the force of the pendulum 
in at its greatest, which by this means will carry the balls on to a 
Imi^ still greater than that to which the wheel teeth had raised 
them, and they wili^ on the return of the pendulum, impel it with a 
farce derived jointly from that of the pendulum itself, and from the 
OTittg wheeL A small number of grains, Troy, at any of the points 
<rf the awing wheel teeth, when in a horisontal position, would hold 
the wheel in equipoise, but the number will depend on the length of 
time the clock is made to go without requiring to be wound up. A 
▼erj email force then appears to be sufficient to keep a pendulous 
bedy in motbn when once put into it, but to bring it aside from a 
elale of rest into this, requires comparatively a great force, which 
iMiet at irst be applied, as no clock can of itself begin, or give mo« 
tiea lo, or set its pendulum a-going. In place of the balls being on 
piDJeeting arms, let them be placed immediately behind the palleu ; 
it ie preeumed that this will make the locking safe, and with detent 
nibs rather short as otherwise. The common arbors of the pallets 
end detents, though concentric with the verge pivoU, and with the 
OMSiott of the crutch and anchor, have iheir pivots to run in small 
socks, which are fixed to strong ones, such as what the spring pallets 
wtsB fixed to; by this means, the pressure of the swing wheel teeth on 
^ detenta, wiU have no interference with the motion of the verge 

• Thm fofte of gravity, at well at pf springt, wm very early used in docks, by way of 
an aiucfliary to the *tcapement, but not in to direct a way at hai tinos bsen done. This 
rises if SMchodfoi ia hj fome aOed s JUmmMr. 
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and pendulum during the interval of rest, as is the case in Mr. Com- 
ming^s plan, which, however small or great the resistance may be 
arising from it, is here removed : a drawing, and a more detailed de^ 
scription of this ^scapement, will afterwards be given. Now, the whole 
of what has been pointed out, we are humbly of opinion, appears to 
be an improved kind of ''scapement, where the gravity of balls are to 
keep up the motion of the pendulum. 

Although it has been proposed to remove the objectiona that may 
be made to the pendulum spring, and the pallet springs of a dock, 
by adopting the mode of making the pendulum to vibrate on an edge, 
this end may likewise be attained, by making the pendulum to vibrate 
on and between friction rollers, which is perhaps the preferable way 
of the two. Suppose two large rollers to be fixed on a strong steel 
arbor, the distance between them one inch, the large one three 
inches in diameter, thickness one quarter of an inch, two of 
which are fixed on the same arbor, placed about an inch from each 
other, that is, the space between them one inch ; two arbors are run 
in the same frame, with that of the arbor of the large rollers, each of 
these arbors have also two rollers fixed on them, the diameters, two 
inches, and thickness two tenths of an inch, placed at such a distance 
from each other as to go outside of the large rollers, and all of them 
to have at the same time proper freedom. In a line perpendicularly 
up from the centre of the large rollers, the pivots of a strong and thick 
steel arbor, lie across on their edges, and the centre of the small 
rollers being placed in a line horizontal to the upper edge of the large 
rollers, or rather to that of the centre of the pivots of the strong ar- 
bor, the pivots of the strong arbor are kept to their places by means 
of the edges of the small rollers. Projecting from the middle of the 
strong arbor, and at right angles to it, are fixed two stout pivots, over 
which the upper end of the pendulum road, formed into two kinds of 
eyes or hooks, is hung, and when the pendulum vibrates, the pivots 
of the strong arbor move on the edges of the large roUers, and be- 
tween the edges of the small ones ; so that, by them, any resistance 
to the motion of the pendulum may easily be conceived to be done 
away, or at least, very much reduced. In the edges of the large 
rollers, a segment may be taken out for one eight part of the circum- 
ference, and hard pieces of stone, fitted in and formed into the same 
circle ; on these, the pivots of the strong arbor turn, all the rollers 
may be crossed out, so as to be as light as possible, and yet have 
strength enough ; the segment, where the stones are set, should be 
kept solid into the centre, and banking put in to prevent the rollers 
getting farther, so that some pact of the stones shall always be 
under the pivots which lie across them ; near to the ends of these 
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piToU, cocks should be fixed, between which they should have freedom 
to mo've, and no more. In a line with the pivots on which the pendu- 
Imn hangs, brass cocks should be fixed on the frame which contains 
die rollers : into these cocks run the jmtoCs fbrmed each at the end 
of strong screws, put into strong iron codes, fixed to the iron bracket 
whicii supports the dock : it is on these screw pivots that the frame 
snd rollers will fredj turn, allowing the pendulum to hang freely, 
easily, and perpendicularly down. The brass cocks may be kneed 
snd so formed, as to serve as jnllars to the upper end of the roller 
frame ; two common pillars bebg at the lower angles^ 

Length of pendulum is of advantage to the time keeping of a 
dock ; a half seconds pendulum can never be equal to that whose vi« 
bratioiia are made in a second, nor will the seconds pendulum be 
equal to that which makes a vibrstion in two seconds, particularly 
m htrrei docks. Hindley of York had pendulums put to some of 
his turret clocks, which gave a vibration only once in four seconds; but 
sudi a pendulum requiring a length of fifky-two feet, three inches, 
and two tenths of an inch, is not an easy matter to fit up ; it wiH 
either be too flexible in the rod, or, if it is made stiff enough, it 
will be heavier than what the strongest or largest turret clock, that 
has hitherto been made, is well calculated to carry ; but where 
if^eonity is exerted in constructing a pendulum of this length, it 
wiU have a ftodigumn dominion over the dock. Having nerer seen 
or met with a spring clock, where advantage was taken to have such 
a length of pendulum as the case would have admitted, showed, that 
either the value of length was not understood by clock-makers, or 
that the method was not known of computing numbers for the teeth 
of wheels and jHuions, so as to give such a number of vibrations as 
to answer for that length of pendulum, which would have suited the 
case in which the spring clocks were fitted ; hence, we are led to in- 
fier, that ndther were known to them. The method of computation 
has already been shewn, the other will be so in the sequeL 

The pendulum of a regulator, or astronomical dock, ought to swing 
in as free or open space as can, with propriety, be taken within the 
case. Cases are, in general, too confined, and when the weight 
comes down opposite to the pendulum ball, the vibratory motion it 
has, gires agitation to the air between it and the weight, which must 
influence the vibrations more or less, consequently must affect the 
time-keeping. In order to get the weight as much to a side as pos- 
sible, let the great wheel be pretty large in diameter, and the centre 
of it on a line horisontal to the centre of the dial, the pulley for the 
waght should be large in diameter also, which will hare the eflect of 
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]fil^mg the weight more to one side of the case. Where there are 
two wheels firom or between the centre of the dial and that of the great 
wheel or barrel, they will allow a greater scope for this purpose^'thail 
where thore is only one wheel. I'hese are circumstances which hare 
hitherto been unnoticed by dock-makers, and yet when they are 
pointed out» nothing can be more simple and obvious. The body of 
the case should be both wide and de^» not less than 14 inches wide« 
pnd 8 inches deep, inside itaeasure ; a little more may still be better, 
an4 the pendulum hung in the middle of the space between the back 
of the case, and that side of the weight nearest to the pendulum 
bail ; perhaps openings made in the sides of the case opposite to the 
edges of the pendulum ball, and covered over outside with neat ciiw 
Gular pieces of wood, would give additional freedom to the air. 

A considerable part of the length of the fall for a dock weigbtf 
was commonly lost by our clodt-makers, t^ making the pulley str^ 
much longer than was necessary, to which was put a book too kmg 
also ; to some of the clocks we have made, such defects as these were 
fpmpletdy done away, in the method we took with pullies and 
weights. 

To lead the going weight, as much as possible, to one side, might 
be 'donci so as to get 3 or 4 inches more of fall, which would be 
gaining something two ways, that is, more length of fall, and tak- 
ing the weight at the same time out of the way of disturbing the 
pendulum ball. Let two rollers^ or pullies, be put into a brass kind 
of firame^ run #part, or at such a distance firom each other as may be 
thought proper, the weight bdng hung at equal distances firom the 
centre of the pullies, whose diameters may be one inch, or one inch 
and a quarter, or, in short, whatever diameter the artist may diooee 
to give. To an arbor, whose pivots run in the frame, is fixed a kind 
of swiyeli which comes no lower down than just to allow the barrel 
ooffd to pass fireely through it. The frame may be composed of twp 
bars of brass, aboujk 5 cnr 6 inches long, three quarters of an inch 
broadband a little moire than one-eighth of an inch thick ; the ends 
of the bars are screwed to douUe kneed pieces of brass, an inch in 
height or thereaboutfli by way of pillari, to keep the frame together. 
The dock-case win require to b^ a little wider than ordinary, to §A* 
nit A puU^-finame of this kind, if 6 inches in length. In Plate VII. 
No. 41, a double pulley, like what has been proposed, is represented; 
it will easily be seen how the barrel cord is applied, by referring to 
the letters a^ A, c. 

To shofw that room in Ae iaaide of a case is so necessary for m 
pen^iiiun to twjpg through, we shall give a detail of an etpeammi 
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made for this purpose. A clock with a spring pallet ^scapement, and 
anc tube compensation pendulum, after being brought to mean time, 
the accumulated gain in 44 days, ris. from the 16th February to the 
1st of April, 1819t amounted to one second only, and with little or 
no greater deviation in the interim ; after this, it gained one second 
a day, and sometimes less. Suspecting that the pendulum ball might 
Dot have sulBcient room, (what it had was, nevertheless, fully more 
than usual,) there was a piece taken out of the back of the case be- 
hind the pendulum ball, and fh>m the sides opposite to the edges of 
the ball. The clock, when again set agoing, on the 24th of April, 
had the semi-arc of vibration of the pendulum increased 25^ that 
is, fiom 1 12^, the former arc to 1 ^ 3/ on each side of Zero, and 
from this circumstance alone, the clock ought to have gone much 
slower; whereas, it gained at the rate of 42 seconds a day, which showed 
the great liberty that the pendulum had acquired when swinging in lest 
confined air. This is a thing we suppose nobody has hitherto seen 
or suspected, and becomes a very nice and valuable experiment, so fSur 
as rq^ards the fitting up clocks for astronomical purposes, llie edges 
of the openings made on the back and sides of the case, not beings 
as we thought, properly chamfered or shelved off, on this being after* 
wards don^, it gave the air more freedom to pass readily over them, 
and the pendulum increased its semi-arc of vibration a little more^ 
and swung out now to 1 ^ 45^. The angle of 'scapement being 2 V or 
22^. A pendulum, swingmg with a greater degree of freedom than 
before, ought to be less affected by the different densities of the at- 
mosphere. 

Many years ago, we gave an opinion to one or two, who were con* 
sidered ingenious in the profession, that the balances of watches and 
duronometers, were made to vibrate in a too confined space : this they 
seemed to consider as a thing more imaginary than real. The ezperU 
ment just now mendoned, with the freedom given, and the conse- 
^lences it had on the pendulum, goes, however, a great way to cor* 
roborate this opinion. To make such experiments with watches or 
chronometers, would come to be so great an expense, both of time 
and maoiBji that, probably, they never will be 
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CHAPTER VII. 

Having the length of a Pendulum, to find the ny/mher of vibra^ 
tions it must make in an hour ; andy vice versa, knowing the 
number of vibratione that a Pendtdum makes in an hour, to 
find its length, 4rc. 4rc. 

^' It is known that pendulums which describe any arc whatever, 
(pve their vibrations in the times which are to one another, as the 
square roots of the lengths of these pendulums, and that the lengths 
of pendulums are to one another as the squares of the times of vibra- 
tion in each, and the longer a pendulum is, the more time it will take 
to give its vibrations ; so that, if the lengths of two pendulums are 
to one another as /our is to one, the times of their vibrations will be 
as two is to one, the square roots of their lengths ; firom whence it 
follows, that in the dme the pendulum four makes one vibration, 
the pendulum one will make two. It also foUows, that, if these pen- 
dulums vibrate during a certain time, the number of vibrations will 
be to one another as one is to two ; that is, reciprocally as the square 
roots of their lengths. The lengths of two pendulums are recipro- 
cally to one another, as the squares of the numbers of vibrations made 
in the same time. If then, the number of vibrations that a pendu- 
lum makes in a given time is known, and the length of the pendulum, 
we can deduce the length of any other pendulum if the number of 
vibrations which it must ^ve in a certmn time is known ; and reci- 
procally the length of a pendulum being given, we can find the num- 
ber of vibrations which it must give in a certain time. 

To find the length of a pendulum, according to a given number 
of vibrations. 

Rule. — Multiply the number of vibrations made in a minute by 
the standard, or second's pendulum, (viz. 60,) by itself, which is 
squaring it, and this being multiplied by the standard length of 39.2 
inches, and the last product divided by the square of the number of 
vibrations given in a minute, by the pendulum whose length is re- 
quired, the quotient will be the length of that pendulum, in inches 
and decimal parts of an inch. 
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Example. — To find the length of a pendulum which shall make 
120 vibrations in a minute. 

120 60 

120 60 



14400:992: : 3600 
3600 



235200 
1176 



14400)141120.0(9.8 inches, the length of the pendulum which was 
1S9600 required. 

116200 
115200 



The times of the vibrations of pendulums are in the direct ratio 
of the square roots of their lengths, and the number of vibrations 
flude in a given time, are in the inverse ratio of the square roots of 
their lengths. 

Vib. Vib. In. In. 

120' : 60' : : 392 : 9.8 direct ratio. 
60' : 39.2 : : 120' : 9.8 inverse ratio. 

IiL In. Vib. ... Vib. 

9.8 : 39.2 : : 60' : 14400 I 120. 



As the product 141120.0 is that which arises from the square of 
60, the number of vibrations given in a minute, moltqiliad by 39.2 
inches, the length of Ae standard pendulum, it will be unnecessary, 
in any future examples, to make the multiplication,*-it wiU be enough 
to divide this nnaber by the square of the given number of vibra- 
tions in a minute, to obtain the length of any pendidum required. 
We may take an example or two more, in order to make the rule 
as obvious as possible to those who may have had but littie practice 
with figures. 

It is required to have the length of a pendulum whose vibrations 
shall be 30 in a minute ? 



14S 
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SO 

30 

■""^ Inchet. Feet. 

900)141120.0(156.8, or 13 
900 



Inche*. 
0.8, the length of the penduluin required. 



5112 
4500 

6120 
5400 



7200 
7200 



• -H 



Let the yibrstioiis be 80 in a minute, what is the length of the 
pendulum ? 

80 
80 

■ Inobcf. Fett. Iwty 

6400)141120.0(22.05, or 1 - (Or^, the length required. 
12800 



13120 
12800 




32000 
32000 




tiona 100 in a minute. 
100 

10^)1411200(14113 OP. 

igooo 


Vibrations 140 in a minute. 

\ B9oa 

140 


41120 
4000O 


19e00)141ia0.«(7.2 iw. 
13790O 


11900 
10000 

• 


39200 
S9300 


12000 
10000 




20000 
20000 





Having the length of a pendulum, — to find the number of vilirs- 
tions it will give in a minute. 
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Rule — Divide the constaat number 141180.0 bjr the leogth of 
the given pendnlom, the sqoare root extracted from the quotient will 
be the number of vibnuiona in » minute. 

Example. — ^The length of the pendulum given is 6.278 indiet : 
the number of vibradoni it mutt give in • minute ? 



6.378)1 41 1 20.000(88500 
18544 • 



15680 
18544 

31960 
31960 



• • • • 



1 128.5000 50 the number of vi- 
1 11 bntioni in a no- 

nule required. 



251185 
51185 

90(000 



000 

The length of a pendulum being 156.8 incfaea : Required the 
number of vibrations it viU give in a minute 2 

156.8)141120.0(906(30, the number of vibrations it will pve in 
14118 9 a minute. 



00 00 

Let the length of a pendnlwn be 9.03168 indiea : Required die 
■mnber of vibrations it will give in a minute f 

9.03168)141180.00000(1,56,85(136 watnOam win to gW* te • aiaiiM. 
903168 ■•- 1 



5080^0 22|56 
4515840 2144 



5644800 84511885 
5419008 5|1825 



2257920 
1806336 



4515840 
4515840 

To those who can make use of logarHhrns in eomputtng the lengtha- 
sfpmdnlams, or the number of their vibfatioiia in a minutei th«if 
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will find them much neater and easier perhaps than in the foregoing 
examples, done by the common rules of multiplication, division, and 
the extracting the square root. In order to shew the difference, we 
shall give a few examples of each done by logarithms. It is not to 
be thought that every dock and watch-maker can apply these rules 
to serve his purpose, even if he should know as much of arithmetic 
or of logarithms as are requisite. It becomes necessary for many 
that their application should be shown, which are, however, of great 
advantage to those who know how to appl]| them. Fot instance, 
having a spring clock case of a given length or height, which should 
admit a pendulum of as much length as can with propriety be put 
into it, length of pendulum, as has already been observed, being al- 
ways absolutely necessary to good time keeping ; but, it so happens, 
that the cases of most spring clocks which are seen, would have al- 
lowed a much greater length of pendulum than was taken, arising 
solely from that want of knowledge, necessary in the calculation of the 
train, or of the numbers of teeth of the wheels and pinions requisite 
to produce any given length. We shall, in the course of this work, 
have occasion to make use of rules taken from conic sections, or men- 
suration of solids, in the calculating of several things connected with 
clock-making, such as the solid contents of the going and striking 
weights, of the solid contents of the pendulum ball^ whether it may 
be composed of equal parts of a sphere, or lenticular form, or of two 
equal frustrums of cones, globular, or cylindrical, things requiring 
to be properly sized both ae to shape and weight. And if the dock- 
maker is any way desirous of having his work as it ought to be, he 
will find these rules both easy and convenient, the more so by having 
them inserted at the particular places of their application ; as it 
is distracting to be looking for rules elsewh^, sometimes not know- 
ing them, or even where to look for them, but, by this method^ both 
trouble and memory will be saved. 

Having the number of vibrations given in a minute, to find (by 
logarithms) the length of the pendulum. 

Rule. — ^Take the logarithm of the given number of vibrations in a 
minute, and double it ; the sum subtracted firom the cohstant loga- 
rithm 5.1495886, the remainder wiU be the logarithm of the length 
of the pendulum. The constant logarithm 5.1495886 is the loga- 
rithm of the constant and standard number 141120.0; in place of 
using »/, we now make use of its logarithm. 
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jEjNMipfe. — The number of vifandons given in a minute ii 120 : 
Required the length of the pendulum ? 

Standird number, 141 120.0 - . log. 5.1495886 

Vibntionfl given, 190, logarithm, 2.0791812, double 
of which is, i . . . log. 4.1583624 

Length of pendulum, 9.8 inches, equal to - remaining log. 0.9913262 

The number of vibrations in a minute is 30 : Required the length 
ofthepen^um? 

Stndard number, 141120.0 - - log. 5.1495886 

Vibrations, 30, log. 1.4771213, double of which is log. 2.9542426 

Length of pendulum, 156.8 inches, equal to remaining log. 2. 1 953460 

The number of vibrations in a minute is 80 : Required the length 
of the pendulum P 

Standard number, 141120.0 consUnt log. 5.1495886 

Vifarations 80, log. 1.9030900, douUe of which is log. 3.8061800 

Pendukun 22.05 inches, equal to - remaining log. 1.3434086 

The number ofvibrations in a minute is 100: Required the length 
of the pendulum ? 

SiBdaxd number 141120.0 - constant log. 5.1495886 

Vantiona 100, log. 2.0000000, double of 

wUeh is .... log. 4.0000000 

Pendulum, 14.112 inches, equal to - remaining log. 1.1495886 

Having the length of a pendulum in inches, and decimal parts of 
an indi, to find by logarithms the number of vibrations it wiU make 
in a minute? 

RMile. — From the constant logarithm, 5.1495886, subtract the lo- 
garithm of the given length, half of the remainder will be the loga- 
rithm of the number of vibrations in a minute. 

Emample. — ^The length of the pendulum given, is 9.8 inches : Re- 
quired the number of vibrations it will give in a minute P 

Constant log. 5.1495886 
Length of pendulum 98 inches, log. 0.9912261 

2)4.1583625 
Vibntkni. 

190 log. a.0791812 

L 



u« 
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The lejogth of penduluia 156.8 inches ; 
in a minute ? 

Constant log. 5.1495986 

Inches. 

Length of pen^lum 15&8 log. S. 1953460 



the TibroliQiift 



2)2.954^426 



Vibrations. 



ao . . log. 1.4771213 



The length of pendulum is 
9«01368 inches: Required the 
yibj?atia98 in a minute ? 
Constant log. 5.1495886 

Inches, 9.01368, log. 0.9549(^ 

2)4.1946864 
125 vibrations, log. 2.0973432 



The length of pendulum 28.05 
inches : Sequifed %\^ yn^%iMpl$ 
in amuwHeP 



Constant log. 
In^es, 22.05, 

80 vibrations, 



- 5.1495686 
log. L3434066 

2)3.80618 iR) 
lo^. 1.9090900 



What has already been said on finding the lengths of pendu^ 
hmis^ according to their nun^})er of vibrations in a minute, md mee 
versa, is sufficient for the clock-maker^s purpose: Yet, for the sake 
d such as may wish to instruct themselves more io the subject^ ipe 
shall exhibit it under a different view. Heretofore, we have taken 
the length of the standard pendulum at 99.2 inches, and the vibra- 
tions 60 in a minute; we shall now take the penduhnn al SB. 186 
inches, and the vifantions 86400, which is Ae Rumhfir of atoondt in 
24 hours. The square of 86400 is 7464960000, wkich being indU 
tipUed by 39-126 inches, the length c^the standard penduhun, w^ 
shall h4ve 292074024^60.000 ; this beipg pe^st^^ c(ivid^ by the 
square of any other number of vibrations made by a pendulum in 24 
hours, the quotient wiU be die leogth of the pendulum. Likewise^ 
if the constant nnmber is diiHided hy any ginm lenglh of p^«didttni> 
the quotient will be the square of the number of vibrations it wfll 
give in 24 hours, which will be found by extracting the root. For 
example, if a clock gains a minute in a day, or goes at the rale of 
66460 seconds in 24 hours ; the square of which is, 7475931600, by 
this divide the constant number 292074024960.000, and the qnc^- 
tient will give, for the length of the pendulum. 39-07171^ 8^* 
inches, which, being subtracted ftom the standard length, wiS d&ow 
how much the pendulum, which gains a minute in a day, must lie 
lengthened ; and, according to this example, it will be foui\d to tie 
.0542 of an inch. It is evident that, if the number 292O740249M.O0O 
was divided by the nuiob^r 38.07171^9 &c> the length of the pen- 
dulum just now fiumd^ ihat the qiiotient jnust be the number 
747533I6OO ; and it fa eiddsi^t also, fVwa this example, that the 
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igom iqfffn wben qitmcted, WQuld be 86460, the number of vibra- 
Upns, 0rodi)ceA Irj fhjis. length of pei^ulum. 

TK^ uUe ^)h^ ^^ 9^^^« ^ ^^^^ ^^^ much a pendulum must be 
lengt h yy 4 on shortei)^ according to the gain or loss in a di^, is so 
Cn? €i|iri«M^ ae^Bg vhat an amazingly small quantity is required to 
ma)^ a pendulum gain or loac, even one second in a day, to say no- 
tfauig of Q^ tenth of a eecoud in that time. The thousandth part 
of an i^ch ia hardly risible, eyen to a very good eye; yet this is a 
gfeatei: qui^nt^y t^n is rcqi^Ded to mak<; a change on the length of 
a pendiilnm fojp one second i^ a di^ : it is then no wonder that it 
ia so difficult to make i^trowjaucal clocks koep so near to time as 
diey diQ^ ^ i^t^ fpippeifof tjipn pendulums should be brought to that 
fl^Mt in l^ch t^ 9XC ; much freat^x p<^ection can hardly be ex- 
pected or attained. 



^ 



!• Indies 
I puti of an loch 



90.18030845 
90^07171488 

SM^.1^18499 
19.0088i9M 

80.19890671 
90.19509431 
99.198409M 

3p.i«t47l3 

30.1980005898 
9iil9i80M907 



1 



Um or 0«ln ptr day te 


lotiiiff 

losing 
girfnfng 


80. 
80. 
SO. 
90. 


hhmg 


I. 


n:^ 


1. 
8.5 


nimag 
toeing 


a3 

0.1 


RiJiifcif 


ai 



DuctaMliofanlfwlL 



must be thortened 
kngtbened 
thortened 
lengthened 
■kocitned 
lengthened 
•hortened 
Wngiheiied 
•hortened 



0.054.^0845 
0.05498514 
0.09718490 
0.09717888 

aOOQ00571 

0.0009068U 
0.00845985 

0.00O4A987 

0.00<K>005098 

0.0000806808 



W^ Still may be allowed to take another view of the subject, re- 
me^if»g tbp lepg^b of pendulums, and the number of their vibra- 
^a(W$ although it should be n^forly on the same ground as has been 
ffone ove^; bean^ the practical artist requires to have it made 
qinte ftqailiar and easy, and there is no doing this, without giving 
a Vtffff Ti^^ ^ examples, than might otherwise be thought 
p^txf/ferj, ^ bttf it is noF meant to show how to deduce the lengthen- 
m^ ani4 s^i^ifrtening of pendi4iup8 for their difference of yibrations ; 
8^4 t]|||<?rebY to ascertain how much they must be made longer or 
f^fffttiCKy by n^^anp of the regulating screw and nut of the pendulum, 
dhjlcl^ is determined by the number of the threads of the screw in an 
W^ 9fy^ the divisions of the nut, wJjtiqxjQ every prime division should 
jj^ tofi^ equal to one second in twenty-four hours. 

TH^ levth of pendulums arc in the inverse ratio of the squares of 
^(cif; yibraj^ons in a minute. The number of vibrations in a minute 
iH^ ^ f9^^ pe^dulum^ is 60, the square of which is SQflO, which, 

■ ' l9 
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multiplied by the length of what may be called the standard pen- 
dulum of 39.2 inches, gives 141120. A pendulum, gaining wt 
the rate of one minute in a day, or vibrating 86460 seconds, will 
make 60.04166 vibrations in a minute, the square of which is 
3605.0009355556; then inversely, as 3600 : 39.2 : : 3605.000935556: 
39.1456 inches, the length of the pendulum which gains at the rate of 
one minute in a day ; and to keep mean time, it would require to be 
lengthened .05444 of an inch, the difference between this and the 
length of the standard pendulum. A screw having 36.75 turns in 
an inch, two turns of which would be equal to one minute ; the nut 
divided into thirty, each division would be equal to one second, or 
as nearly so as possible ; as .05444 X 36.75 = 2.00O670O turns, or 
.0544 X 36.75 = 1 .999200 turns. In the calculation for this length- 
ening of a pendulum by Professor Ludlam, he makes it .0543877844, 
and .05438 x 36.8 = 2.001184. If a clock loses one minute in a 
day, or goes 86340 seconds in twenty-four hours, the vibrations is • 
minute wiU be 59.9583, the square of which is, 3594.99783889. Then 
inversely, as 3600 : 39.2 : : 3594.99783889 : 39.2548 inches, being 
the length of that pendulum, which will lose a minute in a day, and 
will require to be shortened .0548 of an inch. A screw, having 36.5 
threads in an inch, two of which would be equal to one minute^ 
.0548 X 36.5 = 2.00020. A pendulum being shortened an incb^ 
or 38.2 in length, the vibrations in a minute will be 60.78, or 18.72 
minutes fast in twenty-foiur hours, which call 18 minutes, 43.20 se- 
conds. A pendulum being lengthened an inch, or 40.2 inches in 
length, the vibrations in a minute 59.2489, or 18 minutes, 1.584 se- 
conds slow in twenty-four hours. To find the vibrations in a minute by 
a pendulum of 40.2 inches in length.? 40.2)141120.(3510.447761194 
the square root of which quotient is 59.24903 vibrations in a minute. 
To shorten the seconds pendulum the thousandth part of an inch, 
and find how much the dock would gain in twenty four hours ? Sup- 
pose the seconds pendulum 39.200 inches,and the other 39.199 inches, 
the square roots of these will be 6.260990337, and 6.260910477 : 
If we put them 6.260990337 ; 6.260910477 : : a? : 3600, we shall 
find the value of ir, or the number of vibrations in an hour, by mul- 
tiplying the extreme terms together, and dividing by the mean, the 
quotient will be 3600.0459, the number of vibrations in an hoiur, and 
.0459, the excess above 3600, being multiplied by 24, will give 
1.1016 second gained in a day by shortening the pendulum the 
thousandth part of an inch. That pendulum, which makes 30 vi- 
brations in a minute, is 156.8 inches in length; but, on its 
losing 30 seconds in twenty-four hours, what is its length, or 
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bow modi must it be ihorteDed ? Tbe vibrations of the first being 
30 in a minute, we have 86400 : 30 : : 86370 : 29.989583, the vi- 
brations in a minute made by the other, and the square of this is 
899^5088513889, and the square of the first is 900 ; so, if we mul- 
tipljr the length, 156.8 inches, by 900, the square of the vibrations, 
and divide the product by 899.375088513889, we shall have the 
length for the oAer pendulum, 156.909 inches ; so that, shortening 
it .109 of an inch, would correct the error of going slow 30 seconds 
in a day. A clock, with a half-seconds pendulum, which should be 
9.8 inches in length, loses 30 seconds in a day. The vibrations of 
the half seconds pendulum are 120 in a minute, the vibrations of 
the losing pendulum will be 119958333, the square of which is, 
14390.001656138.889; the square of 120, the vibrations of a half- 
•eoonds pendnhnn in a minute, is 14400, which, multiplied by 9.8, the 
product will be 141190.0, and this, divided by 14390.001656138889, 
gives, for tbe lengA of the pendulum, 9.8068 inches, and being shor- 
tcned .0068 of an inch, will correct the error of losing 30 seconds in 
a day. A pendulum, gaining one minute in 24 hours, must be 
lengthened as 719 is to 720, or .^^ of 392 inches = 0.0544 = /^ of 
an inch nearly. A pendulum, gaining one second in 24 hours, must 
be lengthened, as 43199 is to 432000, or -^ of 392 = 0009, 
or —L-. of an inch. The length of a siderial pendulum is, 39.2 
indies — 0.216 = 38.964 inches. A pendulum, of the standard 
length, which gains half a second a day, must be lengthened 
0.00045 of an inch. A pendulum of ditto, which loses half a second 
a day, must be shortened 0.00059 of an inch. The sUndard taken 
in the two last cases, at 39.126 inches. The siderial pendulum, 
or that which keeps siderial time, being supposed 38.984 inches 
in length : Required the number of vibrations it would make in a mi. 
nuteP 98.964)141120.000(3619.9466. The square root of which 
is, 00.166 vibrations in a minute. The mean solar day is 24 hours, 
or 1440 minutes. A siderial day, or the mean solar time, which a 
star takes from one transit over the meridian to the next, is, 23 hours, 
56i)oimttes, 4.1 seconds, or 1436.0683 minutes of mean solar time. 
The siderial pendulum is supposed to make 1440 siderial minutes in 
Ae aiderial day ; hence its length must be shorter than that which 
keeps mean solar time. The difference in length of these two pen- 
iaboBB nay be shown thus : 
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1440. 1436.0668 



log. 3.1583685 Ug. 3.1571750 



■ . « I 



■qiure, 6.3167250 square, 6.3143500 

a, c, of 1440^ 3.68^2740 

inches, 39.2 ' kg. 1.5932861 

■iderial iength, ^.986 log. I.^d09101 

DiJifertitce, 0.dl4 

Let it be required to find the length of a pendulum which will 
make 180 vibrationB in a minute ? Utife.— To the logarithm of liie 
iqnare of 60, (the standard taken)) add the arithmetical complement 
of the logarithm of 120 square, and also the logarithm of S0.2 inches, 
the standard length, the sum will be the logarithm of the penduluib 
required* 

120 60 



log. 2.6791812 log. i.ffii^Vi 

square, 4.1583624 square, 3.5569024 
tt, c, ofl20« 5.8416S76 

S9.2 inches. log. 1.5982861 

9.8 inches. log. 0.^12261 

Let it be required to find the number of vibrations given ih a nit- 
nute by a pendulum, whose length is 1^098 inches ? 

li.OdB inches, log. 1.0827136, a, c, of which is, 8-917aB64 
39.2 inches, ... log. 1^932861 

60' - . % 3.5663026 

4.h6^87^ 

Vibrations in & miHiilfe, 108. - log. 2.0S343|6 

These give the sairie Mnh i» in the former exitm|>Ie8 ligr k 
rithms. 

A short and easy rule for touching a pendnluiii is given bj 
fessor Bridge, in the following theorem, for ascertaining the qua 
to touch a pendulum according to its daily gain or loss. WI 
pendulum of a given length has been observed to gain or lose 
tain quantity daily, it is convenient in making adjustment for 
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mme «§ haVe smii^ conoiie Acorem nii goaie to bring it to the poitft 
desired «t ooe triid m M cmn. «^ Moltipiy livict the length of the 
feaAdnm by the ntaober ef teeonds gained or lest, and divide the 
TeMk bf die ilumber of geoonds in a day, dn queHent will gWe the 
mnnber of inches, or parts of an indi, by which the penduhnn h 
to Ve lengthened or shortened. Suppose the ^it of a second^s pem^ 
dnlmn to be thiee minntes, or 180 seconds in a sohn* day, then 

— ^^^^Q^ = .1633 parts of an inch, which is the quantity in this 

ease. Iff which the peBdnlnm UHist be lemgthened to measure mean 
tine. Bift, if the diree mimltes had been km withahalf second*^ 

pendutttin, tfalm q^at^ — = .04088 of an inch, or the fourth part 

of the fimner quantity that was to be lengthened, which, in this one, 
it requires to be shortened,'*^ 

the second^s pendulum being 39.2 inches, and the daily loss or 
^am beii^ sof^iosed 18 minutes : Required the quantity by which 
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of an inch. 1 103.05 seconds would be equal to one inch. The 
screw of a pendulum rod, having 54 turns in .98 parts of an inch, 
three tiniis of which would be equal to one minute, and the regulating 
niH divided into 20 prime divisions, each of which would be equal 
io one second in a day ; but, in case 54 threads of a screw in such a 
apace should be thought rather too fihe, let us take a screw of 45 
turns in the same space, two and a half turns would be equal to one 
minuto, and the nut divided into 84 prime divisions, each would be 
equal to one second. A screw of 36 threads, in that space, would 
reqniie two turns of the nut to be equal to a minute, and 30 prime 
divisions on it, each would be equal to one second. 

The pendulum of a clock being 12.8 inches in length, and it loses 
one minute, or 60 seconds, in 24 hours : How much must the pen- 
dulum be short^ed ? 

— ^^^ ds .018 nearly of an inoh. Thenumber of turns whieh 

the regulating screw has in an inch is 34; then what turns, or parts 
o^a turn, ought to he given to the regulating niit to short<*n i)\t 
pendulum, so as to correct the error ? Suppose an inch to contaSn 
one thousand equd parts, tlie number 1000 being divided by 34, 
the number of threads on the screw in an inch, it will give nearly 36 
of the thousand equal parts for every thread or turn of the screw ; 
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then, if 60 seconds require .016 of an inch, .030 will be equal U9 
100 seconds, and 100 seconds requiring one turn, 60 seeoi^ will 
require six-tenths of a turn. The following length of pendulums, to 
vibrate military pace time, may be easily made : Take a musket 
bullet, and attach it to the end of a very fine thread, from the centre 
of the bullet to the point of suspension where the thread is tied or 
fixed, measure off 25.04 inches, this will then be a simple pendulum, 
and finom its length will, when vibrating, give 75 vibrations in a mi- 
nute, or the number of paces when marching to slow time. Y^en 
ordinary time is wanted, the thread can be shortened to 12.075 inches 
from the centre of the ball, and the vibrations given will be 108 in a 
minute, the number of steps required in ordinary time. For quick 
time, bring the length of the pendulum to 9.8, or 9.781 inches, the 
vibrations will be 120 in a minute, being the number of steps re- 
quired for that kind of marching. An apparatus for this purpose 
might be easily made, and would be very usefid to a field-officer 
when exercising troops to march to the different times required. One 
bullet, with the same thread, could at once be set to any of the lengths 
which are supposed to have been previously marked off; and by this 
means no time need be lost in adjusting the length for the different 
pendulums; or a small brass frame, containing a common ^scape- 
ment-work, to act or impel a pendulum of 9.8 inches long, having a 
small square rod above the centre of motion, and on the rod a sliding 
weight, adjusted so as set at places for slow and ordinary time. If 
the drum-major corps play the marches in their proper time, this will 
make the troop keep to the proper number of steps. 

How a clock may be r^ulated, or made to keep mean time, or very 
near to it, in twenty-four hours. Knowing the number of turns in an 
inch, and parts of an inch, of the regulating screw of the pendulum, 
and having the nut so divided to answer the screw as that eneh divi- 
sion on it shall be equal to one second in twenty-four hours. 

On setting the clock agoing, and comparing it very accurately with 
a well regulated time-piece or astronomical clock, at first for one hour, 
as we shall suppose, and in that time it is observed to have gained five 
seconds, then calculate how much this rate would be in twenty- 
four hours, which would be two minutes, or ISO seconds. The re- 
gulating nut being divided into thirty, each turn of it would then be 
equal to thirty seconds, and four turns would be equal to 120 seconds, 
give the regulating nut then four turns downwards, and the clock will 
be found very nearly at time. Let it be again set, and allowed to go 
on for the remaining twenty-three hours, and observe what it has 
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gained or lott in that time ; if the mmount of error ii two seconds 
slow, set the nut iq» tboat two divisions, and the clock will now 
be r^ulated, or nearly so. In twenty-four hours we hare regulated 
» dock by this method, that at the end of twenty-three days after- 
wards, it was found to hare lost only four seconds, or going at the 
daily rate of — ai74 of a second. 

In comparing a dock or ch ron ome te r with the regulating dock, 
when they areunder regulation. There is in this, as well as in erery 
other thing, a neat or proper method : Suppose the clock or watch 
under rqpilation is found to be &ster than the regulating dock, 
count in your own mind the beats or seconds of the regulating dock 
by the ear, keeping, at the same time, your eye steadily on the seconds 
hand of the dock or chronometer under regulation, and when the 
beat of the rq;ulator is on the sixtieth second, mark well where the 
seconds hand of the piece under regulation is, and you will have 
exactly what it has gained. On the other hand, should the piece 
under regulation be loosing, count the beats of the regulating clock 
in your own mind, knowing, at the same time, where the seconds hand 
of it is at, and keeping your eye on the seconds hand of the piece to 
be rq^ulated, notice the instant when the seconds hand of it comes 
to the sixtieth second, and what beat or second the r^ulator is at, 
and you have the difference, or the number of seconds which the 
dock or chronometer may have lost When addition or subtraction 
is used, with the differences between two clocks, where one of them is 
to be regulated, errors may take place ; but, in the method we have 
just described, this is not likely to happen. 

If a simple pendulum, vibrating seconds in a very small arc, is 
made to describe any of the arcs in die following Table, the daily loss 
win be according to the extent of the arc made on each side the point 
of rest, as shown there : 



Arci Deicribad 


Inchat and 


V^ •! • 


on each side. 


Dtciinal Parts. 


Daily loM. 


QolS' 


0.168 


0.1 sec 


30 


0.337 


0.4 


1 


0.674 


1.6 


2 


1. 349 


6.6 


S 


3.024 


14.8 


< 4 


2.699 


S6.3 


^ S 


a374 


41.1 
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To^^ oJ'degfey^mdMinni^bh the P^hMOufA tnAex Plate. 

la clocks nNide for astronomical puqx>8es, the lower end of the 
p^idulum rod is sometimes formed into a smdil and shaip point, 
serving as an index to a plate of brass, (fixed to the inside back of the 
dodc-case,) on which is graduated degrees, and parts of a degree of 
a great drde. The length df the pendulum over all being given, 
thence to find the chord of one degree. Sup^se the length to be 
4A inches^ then say, as l^e arc of Tis to 6.0iD!o29O8, so is 45 inches 
to ir. 

1' : 0.0'd()2d06 : : 4S inches 
45 



111632 

.oiaoeeo 

X ^ the minutes in atlogree. 



y w> 



0.78$1:€00 parts of an4ncb^ equal to one degree. 



>i J* ; )>• 



»78516 parts of an inch, must be taken for the length of every de^ 
sree set off on the brass i^late, and, sulbditiiling each degree either 
into four or six, wUl shew the minutes. 

It may not be uninteresting to^dme, to have directions how to lay 
off the d^ees and minutes oh the Wass index plate. )f^vide 4 
aeal-boarcl. about four feet in length, ancl seven ^r eight inches 
road, and a thin piece of well -hammered plate brass, six inches 
long, its breadth an inch and four>tenths ; let i/ be pinned last across 
the board, and near to one end of it ; at the other end, fix a round 
pin of steel wire, Xtfot lee^ than a quarter Tif an inch in diameter,) 
having an inch or two ^bbve i^ siinace oJT the bburd, to serve as a 
centre of moti^ to « rectangular bar of wood, four feet it length, one 
and ahalf inchl^id) and the tt&blihess a^ut ^ ifach; near to one 
end of the bar, make a Uole ibi the steel pin %o )io thi^ugh, at the 
other end, taking a'distaiice frdm'the centre of inotion, s6mewhat less 
than '45 inches, make a hclle, into ^ich i^ fixed a cutter, to trace two 
portions of ciirdes (fa ^e brass |^te ; the first portion bdng traced, 
to get the other, thb bdttchr miAll)^ shiiled loiftv down, near to two- 
tonths of an indi, to give ^die ^pace b e t wee n die ci r cl e s . On this 
space, at a distance of three inches or so, (supposed equi-distant,) 
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from the ends of the brass pUte, mtke a pomt for Zero, dtXi ; iSrom 
it, towards each end, mark points for the degrees, 1, 2, 3, or more, 
then subdivide each degree, to show either ten or fifteen minutes. The 
cutter may now be taken out of its place, and a flat thin piece of 
brass fixed to the lower end of the bsr, [Nxgecting a little way beyond 
the bar, having one of its edges straigbt, in t>rder to mark off the de- 
grees and their snbdiviamt ; another hole must be made at the upper 
end of the bar, (ftr the steel pin to go tUba||;h,) at sudi plice and 
di^Unee ia l5 biing the brass straight "e^ to lay wtnm the index 
plirte; stepping the different pointo, and holding the straight edge 
steady at diem, with It sharp kmfe-^d^, or Mch like, mark the de- 
grees aifd dicir subdivisiolis. 

The length of a degree can be determined also by rules in plain 
trigonometry. 

AB=46. 
AC=r45. 
B C t= .78516 



Sun d0.78516 



i Sum i5.99258 = H = i5.S9i^ 6». % ^iMS0258 

H — b c = uixytii ($6. i6g. 8.35M990 

H— AB= .99258 H- 9.W4M82 

H — AC= .39658 ia^. Umtbi 



1^ 



^x2±:|o Sun 16.8814/752 

Tangt. of 30 = 4 Sum 7.9407376 

Given two sides of a triangle, each 45 inches, and the angle con- 
tained one degree : To find the chord ? Say, as radius is to twice the 
sine of 30^, so is 45 inches to «. 

N. S. of aa is 87.265 x 2 = 174.530 N. S. of lo 

N. S. of 1« is 174.530, the log. sine of which is 8.2418563 

The log. of 45 inches is ... - 1.6532125 



.78536 parts of an inch - - = log. 98960678 
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Three sides given : Required the angle ? 



45. inches. 
45. 
•78536 

Sum - - . 90.78636 


- CO. log. 

- CO. log. 

- - log. 

- - log. 




Half sum - - 4&39268 

-— Opposite angle .78536 - - - 


8.3430192 


44.60732 . . . 

4 Opposite angle .39269 - - - 

Ditto - - .39268 - - - 

Tang^ of SO' X 2 


a3505938 
9.5940388 
95940388 

15.8816906 



The angle ? = P — 30^ Tangt. = 4 sum 7.9408453 

The Table which wc are about to give, containing different lengths 
of pendulums, the number of their vibrations in a minute, and the 
numbers for the teeth of the wheels and pinions, to produce the vi- 
brations, will be found very useful and convenient for the clock-maker, 
who having determined on his height of case, or length of pendu- 
lum, has only to inspect the Table to find what his wheels and 
pinions should be, which will save a great deal of trouble. For the 
like reason is added a Table of various trains of watches, and chro- 
nometers, and the numbers of their wheels and pinions calculated 
to produce them, and which may be useful to many a watch-maker, 
and watch-movement maker. 



LEMCTK or PEMDnLOMS, kc 



J TtMe of the Lengths of Pendulum; their Vtbralums in a Mi- 
nute, and the Ntmbert for the Teeth of nich WheeU and Pi- 
nione aa are calculated to produce them. 



Vibmi«>ln. 
nrinM. 




U-h««l TMth. 


Niab<r<rf 


188 


3.929 


47 36 


36 20 


6 


leo 


4^355 


45 36 


36 20 


6 


175 


4.609 


128 105 


25 


9 


ITS 


4.606 


36 30 


35 26 


6 


170 


V883 


129 102 


26 


B 


165 


5163 


132 100 


27 


Oil 9 


160 


5.412 


128 80 


30 


8 


160 


5.512 


120 96 


30 


9ai H 


ue 


5.797 


104 96 


30 


8 


iSt 


6.108 


96 95 


32 


8 


ISl.i 


6.172 


84 72 


27 


6 


ISO 


6.272 


100 96 


30 


9 


1«S 


6712 


120 87 


30 


9Si 8 


14S 


6.712 


100 87 


32 


8 


1W.9 


6.720 


92 84 


36 


12!i 8 


U2 


7.001 


128 71 


30 


8 


142 


7.001 


120 71 


32 


8 


1*1.7S 


7.023 


90 84 


36 


8 


140 


7.200 


96 80 


3S 


R 


140 


7.200 


84 80 


40 


8 


137.9 


7.4S0 


90 84 


36 


9 


135 


7.745 


96 go 


30 


9 


135 


7.745 


90 90 


32 


8 


133.S 


7.874 


90 84 


34 


8 


132.3 


8.062 


84 84 


36 


R 


130.3 


8.320 


90 88 


40 


9 


130 


8.350 


100 78 


32 


8 


129.9 


8.362 


90 94 


3 


8 


129.1 


9.465 


94 83 


45 


9 


128.6 


8.577 


84 84 


35 


8 


128 


8.610 


100 9« 


40 


10 


126 


9.680 


90 84 


36 


9& 8 


126 


9.8S0 


90 94 


32 


8 


126 


8.880 


106 100 


36 


10 


125 


9.031 


100 90 


30 


8 


122 


9.471 


90 94 


31 


8 


120 


9.900 


90 80 


32 


8 


120 


9.600 


90 80 


36 


9I<8 


190 


9.900 


90 72 


40 


8 
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LKNGTH or rJCHDU^OlU, &C. 
(Table continued.) 



VHMUmu. 


l*JWA<ifPen,- 


WkedTralh, 


Piaim 
LetTBi. 


180 


9.800 


96 80 


30 


8 


180 


9.800 


80 80 


36 


8 


lies 


10.050 


90 79 


32 


8 


lie 


10.135 


Xumt«.toUil,B 






117.5 


10.220 


94 ip'S^— 


8 


117.3 


10.956 


90 88 


32 


9lk8 


115 


10.072 


115 100 


30 


10 


lU 


10.859 


96 7fl 


30 


8 


112 


11.250 


105 100 


32 


10 


113 


11.850 


90 84 


32 


»kS 


112 


1 1,859 


84 80 


32 


a 


110.26 


11.610 


84 84 


30 


9 


110 


11.662 


110 100 


30 


10 


110 


11.662 


88 80 


30 


9 


109 


12098 


91 80 


36 


»&9 


108 


12.098 


96 72 


30 


8 


109 


12098 


90 90 


32 


10&8 


lot 


12.800 


105 IW 


30 


10 


108 


13.564 


83 J2 


38 


9 


loe 


13.464 


86 81 


38 


9i<9 


100 


H.112 


126 108 


32 


12 


100 


14.112 


100 100 


30 


10 


100 


14118 


80 80 


30 


8 


100 


14118 


80 72 


38 


8 


100 


14112 


96 90 


25 


8 


98 


14.694 


98 60 


38 


8 


98 


14694 


84 64 


.35 


8 


98 


14694 


94 84 


30 


98.8 


96 


15.400 


108 100 


32 


12&10 


9* 


15.»71 


94 «4 


30 


8 


90 


17.448 


60 T2 


30 


8 


89 


18.223 


100 88 


32 


8 


99 


18.BJ3 


88 M 


30 


8 


96 


19.098 


96 64 


30 


9 


94 


20.000 


84 64 


30 


9 


80 


22.M0 


64 60 


40 


8 


90 


82.050 


75 64 


38 


8 


78 


23.188 


72 65 


32 


8 


75 


85.088 


75 CO 


32 


8 


78 


27.882 


72 64 


30 


8 


70 


28«0 


70 M 


30 


8 


68 


30.H9 


64 M 


30 


8 
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A Tohle q/ the Traiw qf Wakhett Cknmxmitera, 4v. •r ^eir 
Beat* in an Hour^ with ike Numker^ for (he Wheei» an4 
^n/mia^ a« cmlculated fa produce them. 



Dnits hi an hour. 



Numben of tbe Wliad Taedi. 



16^00 

i64fi9i 
16S0Q 

16800 
10900 

l6a2AW 

17W0 
17160 
17S2« 
1733SJ 

raod 

144Q0 
14li)0 
14400 
14400 
17280 
17280 
17280 
17280 
17920 
18000 
18000 
18000 
18000 
18000 
18432 

21600 



70 



8Q 
70 
54 
58 

72 
64 
64 
60 



TIm abort 



64 

64 

96 
96 
80 
54 
63 
72 
72 
70 
54 
60 
80 
76 

75 
72 

80 



56 M 
54 «0 



64 


64 


64 
64 


^ 


S» 


00 


^ 


52 


sn 


52 


64 


63 



63 55 
68 55 

50 48 



15 

15 
J5 
14 
16 
19 
13 
19 

15 
13 

15 

13 



tiuiabpm «f 4m FbuMn 1 



8 
8 
8 
8 
8 

6 
6 
6 

8 
8 
8 
6 



cUiflr th« trains of «U 

4a 40 15 

64 60 15 

9Q 90 )6 

go 75 16 

75 80 15 

48 48 15 

56 56 10 

64 64 15 

64 60 14 

64 64 14 

50 48 

48 45 

80 75 15 
15 



15 
15 



64 ^ 

64 m 

64 64 

72 64 



16 
16 

i6 
15 



8 
8 

1« 

12 

10 

6 

I 

8 

8 

6 

6 

10 

8 
8 
8 
6 
8 



7 

7 



6 






7 

8 
8 
8 

e 

6 
10 

8 



6 
8 



7 



8 8 

8 8 

6 8 

6 6 



6 



8 6 
6 
6 
6 



B 8 

8 8 

12 12 

12 IQ 

10 10 

6 6 



7 
8 
7 
7 
6 
6 
8 
8 



8 8 
8 8 



6 

8 



8)ipmI4 tjuffx be «ny ti:auM f^u^ wj^ W PP* M* the T«W«?», 
the 4fti«( can sii{qpjy thi«, by huTipg s^c^juzae to tli« nne^Q4 vl^ch 
tiM ))etm gjv^ tp find f>wi4>c)IV fi»r *b«l *wM»» ^c. 

Be^i^ the v^ig^ <if tivs p^4a)ui|i j^ of |i cHoqV, fvpid tli«| of 
the waf!t4 jW nioviog fiipqe iippli^ tff it^ Jlj^ POj^ tfi ^ ^"V* fo^ 
of proportion ; for, if the moving force is too great, it will tend to 
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increase the friction, and wear the machine faster out ; if it is too 
little, the clock will not get well through when the oil gets thick and 
foul : The arc of vibration should have the supplementary angle 
about equal to the angle of ^scapement, the nature of which may re- 
quire more or less. The far greater number of clocks have the mov- 
ing force much more powerful than what is necessary, arising in some 
degree from the trouble of getting weights to any specific number of 
pounds, or not having any rule to determine what the weight of any 
given cylinder, &c. of lead should be. It is for these reasons that 
we shall insert rules and examples for finding this, so as a clock- 
maker, when making trial with his dock, should give no more than 
the motive force requisite for the pendulum ; he should hang on 
weights by degrees, until he sees that it has got the proper quantity, 
which he finds to be, as we shall suppose, 10 lbs., and he wants to 
have a hollow cylindrical brass or tin-plate shell, that shall hold 
exactly 10 lbs. weight of lead. Although, to find this, is a case in 
the mensuration of solids, it is nevertheless a subject requisite to the 
profession. 

A cubic inch of lead is known to weigh 6 ounces, 9.08 drams 
avoirdupois ; now, by the simple rule of three, we may find how 
many cubic inches will be required for 10 lbs. of lead. Say, if 6 oz. 
9.08 drams is equal to one cubic inch, what number of cubic inches, 
will 10 lbs. require ? 



oz. dr. 


cub* in. 


lbs. 


6 9.08 


• 1 


10 


16 




16 



105.08 160 

16 



960 
160 



10508)3560.00(^4.362 cubic inches. 

Then, to find a hollow brass cylindrical shell of such a length and 
diameter, as to contain the given number of cubic inches, 24.362, or 
as near to it as may be ; a little will depend on practice, but, to save 
the trouble of computing this, a table will be given of shells of dif- 
ferent capadties, and, consequently, of difierent weights. To find 
the solidity of a cylinder in cubic inches, and decimal parts of a cubic 
inch : The rule is, multiply the area of the base of the cylinder by 
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Ae porpendiciilar height; the prodoct will be the solidity : Or, as 1 
b to 0.7854^ (or, rather 0.7S5d99,) so is the square of the diameter 
of the cylinder, taken in inches, and parts of an inch, to the number 
of square inches, &c* contained in the area of the base, which num- 
ber being multiplied by the height, taken in inches, and parts of an 
inch, will give the solid contents thereof in cubic inches, fcc. 

Suppose we have a cyCnder^ whose diameter is 2.25 inches, and 
the height or depth 6.25 inches : Required the solidity ? 

The diameter - - 2.25 

Multiidied by ttMtf . . 2.25 



The product 
Multiplied by - 



1125 

450 
450 

5.0625 the square of the diameter 
0.7854 



Multiplied by 



202500 
253125 
405000 
354375 

3.97606750 area of the base. 
6.25 the height. 



1988043750 
795217500 
2385652500 



Multiplied by 



24.8505468750 solid contento in cub. inches 
105.06 drams in a cubic inch. 



1988043750000 
1242527343750 

248505468750 



— — — lbs. Of. 

2611.295465625000 drams = 10 3 



This cylinder appears then to have been taken too large in its di- 
nensions. If we had taken one at 6.18 inches in height, and 2.24 
iBches in diameter, we would have come nearer to the required soli- 
fity and weight 

M 



102 BinilBIONS OF HOLLOW OTALS, fcC- 

2.24 8.91082304 tim «f the htm. 

2.24 multiped by the height, 6.18 

896 3152658432 

448 S94i082304 

448 2364493824 



5.0176 24.3542863872 cubic indies. 

0.7854 105.08 dr. ina cubic indi 

200704 1948342910976 

250880 1217714319360 

401408 243542863872 

351232 lbs. o«. 

2659.148413666976 dw. = 9 16.9 

3.94082304 area of the base. 
This is brought as near as may be to 10 lbs. 

A cylinder, being 6 inclies in height, and 2.5 in diameter : Re- 
quired the solidity ? 

2.5 0.7854 

2.6 6.26 square of base. 

126 39270 
50 I57O8 



6.25 



47124 

4.908750 jorea of base. 
6 height. 



lbs. OK. dr. 

12 1 6.86. 



2a468600 contents in cubic in. = 12.08933, or 



Two or three more examples shall be given, with oval, in place of 
cylindrical shells. The solidity of any body having an oval form, 
may be found I^ the following fiuZe^*-^Vfultiply the transverse, or 
long diameter, by the conjugate or short diameter, and the product 
by .7854; the product wUl be the area of the base, which, being 
multiplied by the height, will give the solidity or number of cubic 
iiichea. The transverse diameter bmi^ 3.5 inches, and the coojo- 
gate 1.5 inch, the height 6 inches : Required the cubic inches, and 
weight of lead, to fill such a shell ? 
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CoDJogate ditto, 1 J( 5.85 

175 39970 

35 15706 

39270 



5.25 



4.123SS0nesorthebMe. 
6 the 



Si.710100 colne indiM. 

106.08 dnuu in a collie inch. 



" tn I 



1979i 
123700500 
24740100 

' • lbs. 01. dr. 

dnung in a pound, 256)2599689708(10 2 ^ 

The tnunrene cBmeter being 4 indies, the eoojngate 2, snd the 
heij^t 6.25 inches : Required the solid contents or number of cubic 
inches ? 

TransyersefisEmeter,4 drams in a cubic inch, 105.08 

Conjugate ditto, 2 multiplied by the cubic in. 39«27 

73556 
S1016 
94572 
31524 

— ^— ^^ lb. OB. dr. 



veasf base 

height. 


8 
.7864 

, 6.2832 
6.26 




314160 
125664 
376992 



drams inapound,266)4l26.4916(16 1 14 



.270000 

If these exMBples were done by logarithms, they would be much 

; found the number of cubic inches, add their loga- 
ndim to the consUnt logarithm, 9.6134202, the sum will be the 
Vyaithm of the niunbcr of pounds in the cnbical inches. 

The constant logarithm 0^134008 

Cubic inches, 39.27, log. 1.5940609 

16.119 lb. = . log. 1.2074811 

x2 
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Pendulum balls are commonly composed of two equal segments of 
a sphere, forming a lens, or a sort of lenticular shape, and the work- 
man, or those who may direct him, when making up the brass shells, 
or covers for the pendulum ball, which are to be filled with lead, 
should know exactly the quantity which will be required to fill them, 
otherwise they must make the pendulum either too light or too 
heavy for that which may be wanted : and, without knowing before 
hand, by calculation^ to give the requisite dimensions for the covers, 
they must be labouring, in some degree, at random. 

To find the solidity of the segment of a sphere* — Rule, To three 
times the square of the radius of its base, add the square of the 
height, and this sum, multiplied by the height, and the product 
again by .5236, will give the solidity. - 

The diameter of a pendulum ball being 6.2 inches, and thickness 
2.1 inches : Required the solidity and weight of lead ? Being com- 
posed of two equal segments of a sphere, if we get the solidity of one 
of them, doubling it will give the solidity of both. Here the radius 
of the segment base is 3.1 inches, and the height 1.05 inch : To find 
the solidity of such a segment ? 

Height, 1.05 inch. radius of base, 3. 1 31.429125 

1 .05 3. 1 multiply by the dec. .5236 
188574750 



525 3.1 

105 93 04287375 

82858250 

1.1025 aqoan of height 9.61 sq. of nuL 157145625 

3 timet 

16.4562898500 solidity of 

2&83 2 one seg. 



add 1.1025 sq. of height 



29.9325 
multiply by 1.05 the height. 



32.91257970 the two segments 



1496625 
299S25 



31.429125 

To the constant log. ... 9.6134202 
Add the log. of the solidity, 32.91257 1.517S617 

13.513 lbs. s ... log. 1.1307819 

Let the diameter of the base of the segment be 6 inches, and tbe 
height 1 inch : Required the solidity ? 
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Radibs of the hate, 3 inchei height 1. Square is 1. 

3 



Sqouv of ndiua, 


9 
Stimee 


Add the mptue of height. 


«7 
I 


Multiply by height. 


28 
1 


Malti|dy by the dec. 


28 
.5238 



41888 
10478 



14.6606 MUdity of one tegmeiit. 



29.3216 ditto of both segmenU. 

To the constant log. - 9.6134202 

Add soUdity, 29.3216, log. 1.4671877 

12.04 lbs. = - - log. 1.0606079 
The diameter of the base of the segment 6 inches, and the height 
.5 of an inch : Rec|Qired the solidity P 

Radius of the base 3 inches. height .5 

3 .5 

9 .25 sq. of height 

3 times 

27 
Add the square of the height 0.25 



27.25 
Multiply by the height - .5 



13.625 
Multiply by the decimal .5286 

81750 
40875 
27250 
68125 



7.1S40SOO ioli£ty of one segment. 
8 



14.8tn diMaofbtdiaagmeBU. 



t 
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Constant log. - 9.6134202 

SoUdity 14.2681 log. 1.1643660 



6.8685 lbs. = * log. 0.7677862 

A pendulum ball may very properly be formed of two equal frus- 
tums of cones, being a shape very fit for the purpose. An example 
or two may be taken, and the Rule given to find the solidity of the 
frustum of a cone. 

To find the solid contents of the frustum of a cone. — iZufe, MuL 
tiply the diameters at top and bottom into one another, to the pro- 
duct add a third part of the square of dieir difierenee ; midtiply thb 
sum by .7864, and the product shall be a mean area, which being 
multiplied by the perpendicular height the last product shall be the 
solid contents in cubical measures of the whole, in such parts, (as 
inches, feet, &c.) as the diametora and height were taken. 

Exam/pie, Let the greater diameter of the frustum of a cone be 7 
inches, the lesser 4 inches, and the hdght 0.5 of an inch : Required 
the solidity ? 

Gmrter cUainetet 7 indies. 

LcBter ditto - 4 7 

4 

88 — 

Add the third of iquare of diff. 3 3 difference. 

3 

31 

Midtiply by the dednud - .7854 3)9 square of diff. 



7854 3 third of sq. 

2356^1 



24.3474 
Multiply by the height - <L5 

Solidity of one - - 12.17370 



Solidity of both - - 24.34740 

constant 1<^. - 9.6134202 
24.3474 log. . . 1.8864526 

9907 Um. s lof. 0.99967^ 



Another example will make the rule sufficiently plain. Let the 
gremter diameter be ^ inches, the lesset 3.5 inches, and the height 
.7 of an inch : Required the solidity ? 

Greater diameter 7 

ditto - 3.5 7 



35 



24.5 
Add the third of square of difT. 4.063 3.5 differenct* 



3.5 

2a583 ^^ 

Multiply by the decimal . .7854 T75 



11433t 



148915 3)rf9.2» iqiure of difT. 

228664 

200061 4.06» third of sq. of diff. 



22.4490882' 
Ifnltiirfj ^ ^ height .7 



15.71436174 aoliditjrorone. 



CuUcmches . . 91 .4S87S9ld ditto of bo«ii. 

Gomtaat lag. - 9.6194SSK^ 
31.4287 log. - - 1.4973264 

12.90llbs. =log. 1.1107466 

AUiongh a sphsse ot g^ote k sal a comnKMi figut fer the kdl of 
apodulm, J9t ihal shape m reij proper for large turret ciiMrk^ 
where the pendulums aro ofts* caqposed to cuirenta of air or eddjr 
winds blowing in, and up and down in the steeples. Suppose a pen- 
didum baH or globe, 6.75 in diameter : Reqdred the solidity, and 
weight in lead ; to find the soKd amtenls of a sphere or globe ? 

girfr.—Multiply the diameter of the q^bere twice into itself, (which 
pres the cube,) and the product by .5236, the last product is the 
mMity iefuired> 
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6.75 

6.75 



3376 
4725 
4050 

45.5625 
6.75 

^78125 
SI 89375 
2733750 

307.546875 
.5236 

1845281250 
922640625 
615093750 
1537734375 



161.0315437500 cubic inches in the sphere. 

Constant logarithm - 9.6134202 
161i03154 . log. 2.2069112 



66.12 lbs. = - log. 1.8203314 

All other things in a turret clock, according with a length of pendu- 
lum whose vibrations are one in two seconds, a ball of 66 lbs. ia not 
too much. The figures required in finding the solidity of a globe 
are much abridged by the use of logarithms. 

The diameter of a globe being 6.75 inches • log. 0.8293088 
which, multiplied by 3, will give the log. of the cube 3 

The cube of 6.75 is 307.546875, the log. of which is 2.48791 14 

.5236, the log. of which is, add 97189996 



tkm 



Cubic inches 161.03154, the log. of which is - - 9.8069110 

The glass jar for a mercurial pendulum being 7 inches deep, and 
two inches in diameter, both inside measure, it is required to know 
what quantity of mercury will fill the jar or cylinder up to 6.4 inches ? 
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Find the solidity as direded in lbs esse Ibr clock cylindrictl weight 
dieDs. 

The diameter 9 iiMies 

8 

4 iq. of tbedia. 
Unltipljr the square of the diameter by the decimal .7854 

4 



Areaof the base 3.1416 

Multiply by the height 6.4 

195664 
188496 



SoHdity in cubic inches - 90.10624 

To the constant logarithm for Mercury, add the logarithm of the 
cubic inches, the sum will be the logarithm for the weight of mer- 
cury required. 

Consunt log. for mercury - 9.6908553 
90.10694 cubic inches - log. 1 



Kss » ; 



9.867 lbs. = - log. 0.9941861 

Seeing we have used one constant logarithm for lead, and another 
&r mercury, to be added to the logarithm of the cubic inches, to 
find the logarithms of the weight of lead and of mercury, it may be 
proper to show how these constant logarithms are obtained. To the 
arithmetical complementof the logarithm of 1728, (the number of cubic 
inches in a cubic foot,) add the logarithm of 69.5 lbs. ^the weight of 
s cubic foot of pure water,) together with the logarithm of the specific 
grarity of whatever metal or substance it is required. 

im wAm, lug. 3.t37A457 a. c 6.7824663 .... 6.7624A63 

Wi|gfatflfaaibi€fooCofirster6S.5k)g. 1.7S58S00 .... 1.795S800 
ipaeiic pmrity oflMd 11.3523 log. 1.06608301. g. of mere. 13.6681 log. 1.1326190 

Constant log. for Uad 0.6134202 Conttaiit log. for flMfwry 9.6008663 

When any vessel is to be filled with lead, filling it first with pure 
water,* the weight of which being taken, and multiplied by 11.3523, 



* Belor* pouring melted lead into a TeHel which hai been prerioualy filled with 
tv, it Is mfiidie that the rtmd be eompletely emptied of the water, and thoraughlf 
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the specific gravity dflead, willgjlYetheweigbtof die lead wfaidi the 
vessel will hold. If a glass jar for a mercurial pendulum be filled up 
with water to any required height* and the wmght of the water mul- 
tiplied by 13.5681, the spedfic gravity of mercury, it will give the 
weight of the mercury required. The foregoing rules, with the cases 
resolved by them, will appear not to be so neatly done as they might 
have been ; but, had they been set oat with sndi formuht and 
characters as mathematicians are accustomed to make use of, they 
would have been wholly unintelligible to a great part of those for 
whom theijules are given. 

For Ewamjde. To find the solidity of the frustum of a cone ? 

Put D = greater diameter. 

d SI lesser diametcf . Tlaorem 



m 



m=P.7854k -^x : D+dp — Dxrf = S 

iks= height. or rather 

8 = solidity. ""J^xDTH' — D x rf= S 

This to a mathematiciw is a veiy simple hwaineM^ and yet with many 
a dock-maker nothing could be made of it. 



A Table ofvarioua mMMo/CloekmiighUSMi;tktlrlengtlu and 
Diameten gwm in Liekm mmd DwtimaipmU of an Inch, with 
that Soliditg or Number of Cubic Imekea, and the Number ^ 
Pm md a and Decinuil parU i^m Pt u m d, ■wotrtliywi mmgkj, of 
Lead reqmrti tefiU Mtm 



Sfil'si 


DiamrUriD 
VAna. 


CBUcIndM, &«. 




i. 


2. 


12576 


6.151 


KM 


*. 


laasi 


5.488 


U 


a. 


U.137 


5.804 


4.75 


% 


lt.923 


&127 


5. 


% 


15.718 


6.449 


5.35 


t. 


ie.t93 


6.772 


5.S 


1. 


17.27S 


7.094 


4.7* 


8. 


18.064 


7.589 


<. 


% 


18.849 


7.789 


&S5 


i. 


18.645 


tt062 


6.5 


2. 


20.430 


a384 


a7i 


% 


31.699 


8.909 


6. 


8«5 


23.8S6 


9.795 


6.91! 


3.35 


M.85i 


IO.903 


6.S 


3.35 


25.844 


10.611 


(I.7S 


2.35 


26.898 


11.039 


e. 


3.5 


39.452 


13.093 


6.25 


3.5 


30.679 


13J97 


«.5 


2.5 


31.906 


laioi 


6.75 


2.5 


33.184 


la604 


6. 


3.75 


86.637 


14.633 


6.35 


8.75 


37.138 


15.853 


6J 


2.76 


36.607 


15.853 


&76 


275 


40.090 


16.461 


6. 


a 


42.411 


17.414 


«.J5 


9. 


U.178 


18.129 


• 6 


a 


45.945 


18.885 


&75 


1 


47.713 


19.591 


7. 


3. 


49.480 


20.316 


7.35 


a 


51.347 


81.042 


7.5 


a 


53.014 


21.767 


7.75 


a 


64.781 


22.503 


a 


a 


56.548 


».819 
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CHAPTER VIII. 

On the Eecopemeni^ or^Scapement ; and the discovery of the Pen- 

dulum^ with its application to a Clock. 

• The escapement is that part of a dock or watch connected with 
the beats which we hear them give ; and these beats are the eflecta 
of the moving power, carried forward by means of the wheels in the 
movement to the hist one, which in a dock is called the swing wheels 
and in a watch, the balance wheel. The teeth of these wheeb act on 
the pallets or verge, which are of various shapes; and which form the 
most essential part in a 'scapement ; the drop from each tooth of the 
swing or balance wheels on their respective pallets, giving one beat 
or impulse to the pendulum or balance, in order to keep up or main- 
tain their motion ; and wefe it not for the pallets, which altemately 
stop the teeth of the swing or balance wheels, the motive force would 
have no dieck. Hence it is, that, by this mechanism of the 'scape- 
ment, the wheels in the movement are prevented from having their 
revolutions accelerated, which would take place to such a degree, as 
to make the machine run down in a minute or two ; whereas, from 
the resistance opposed by the pallets, it is kept going for twentjr-fimr 
or thirty hours, for a week, or a month, or even for twelve months. In 
auch docks or watches, however, which, as a matter of curiosity, have 
been made to go longer than a month, there is less reason to expect 
an accurate measure of time, unless great skill is displayed, not only 
in the execution, but also in dieir construction. 

No part of a clock or watch requires so much skill and judgment 
in the contrivance, and so mudi care and nicety in its execution, aa 
that of the ^scapement ; and none of the 'scapements of the present 
day require this more than the crown wheel and verge ^scapement, 
which, when nicdy executed on proper prindples, does extremely 
well for a common pocket watch : but this is a thing hardly now to 
be met with. 

From the time of Dr. Hooke, and during the \mt century, many inge- 
nious coQtnvances for ^scapeventa were suggested ; but the ninnber of 
those adopted in practice is very, limited. The crown whed and verge 
'acapement is represented in Plate III. No. 17. where V is the verge, 
and C the crown whed, p pthe pallets, and B B the balance. It ia 
the oldest that is known, and must have been the only one used in 
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docks for ferenl centuries prerioiii to the middle of the seren- 
leenth, or towards the end of it. Although it has been so long in 
use, and so weU faiown to every clock and watch-maker, that its 
merits are now overk)oked, and held in little estimation *, yet, if it is 
duly considered, it will be found to have been a very masteriy and 
ingenioos derice* The ctowtk wbad and verge are of snch an odd 
shape, that they xesemUe nothing that is fioniliar to us ; yet some 
ancient artist had contrived it for the purpose, (and it ceriamiy trot 
Oft ingeniauM thcfughi^) to give an alternate modon to a plain wheel 
« cross, which he had suspended finom die upper end of its axis by 
a string, whereaa fimnerly it rested on the lower end of the axis or 
foot pivoi. This plain wheel was like the fly of our common kit- 
chen-jack. In place of this circular rim or plain wheel on the axis, 
there were some of them that had two arms, fimning sometlung like 
a cross; on these were made notches, concentric to the axis, in which, 
on each arm, were hong a small weight ; by shifting these more or 
less fipom the centre, the clock was made to go slow or fiwt From 
die weighdness of this kind of balance, and the rude execution of 
the work, the fiiction on the end of the foot pivot would be so great, 
that it is probable there was some difficulty to make the dodc keep 
goii^ for any length of time. Recourse was then had to suspend 
die balance by a small cord, so that the end of the lower pivot should 
not rest on die toot of the potenoe. This ingenious idea has, in 
modem times, been adopted bodi by Berthood and Le Roy, who 
have had the balances, in some of their marine time keepers, suspend- 
ed by a piece of very small harpdehord wire, or by a very delicate 
piece of watch pendulum spring wire. The medianism of die move- 
ment of these andent clocks is exactly die same as has been frequent- 
ly made for an alarm. To construct this, and epply it to a dodr, 
there was hardly a step to go ; and dierefore, in all probability, die 
invendoB of the darm part took phoe before that of the striking 
party though some have thought otherwise. Berthoud thought so, 
as i^pears by his having put the striking part as die prior invendon 
of the two. 

In many parts of India, where public dodu are unknown at 
this day, they strike the hour upon a {date of diver, (or sflver 
sDoyed with some other metd,) of a lendcukr shape, about 18 
iadbes in diameter, and formed from die middle of a dnn square 
plate of the same metal The plate is hung by a double string, on 
a cross bar of wood, whose ends are s u pp o rted on the tops of 
wooden posts fixed firmly in the ground ; and when the hour is in* 
dieated either by didr sand^ksieei ckpsydrss, or watar Afopping 
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instruments, wfaicfa they soBietiHits vsei they strike witli a wooden 
mallet on the circular or lenticular part of the plate, and thus pro- 
claim the hour of the day ; the sound produced is strong, desr, and 
pleasant This device is practised in many of Uie towns and camps 
throughout India. 

* The invention of dbe striking psort to a dotk was si more eomfdei: 
.process than that of an alarm, and we have no doubt of the priori^ of 
the latter. 

- Plate lY. No. 19. repi^esents, in profile^ a dock with an siarm ; 
Iii}.90. shows the dials of this macfaitie, with the hours, minutes, and 
4ieconds, as seen in ficont The small dial A is that of the alarm ; 
.tbe large dial concentric with the small one, is Ihat of the hours and 
mimiteB ; and the dial B is that of the seconds. The Vhed work of 
tht movement, No. 19. is composed of {bur wheek contained in tlie 
flame C I>; H is the great whed, whidi esrries on its arbor a pul- 
ley, in whose groove are fixed seversl sted pinrf with sharp pointa, 
aerving to enter into the teztare of th^ cord csrrying the weigiit F 
of the going part, and the ooumet weight G: This pulley carries 
the enoliqmetage^ a kind of dick and ritchet work, by mknm of a 
(Step springy and die crosses of the great whed, so that when tfce 
counter weight is dmwn down, it winds up the weij^t F. 

The first whed H makes its revohitioii in an hour ; itsazia, whidi 
is also that of the pufley, carries the pivot b prolonged outside of the 
.{date C. This pivot Carries a cannon, (or socket,) on the end of 
whidi is fitted the minute hand» on the lower end is iriveted die 
whed c, which pitches bto the' whed 4 of the same diameter aial 
number of .teeth j die axis of the whed d carries the pinion i^, whiidi 
pitches in and leads die whed/t that iiakes a turn in 18 honrs^ mad 
its socket esrries the hour hand. 

' The whed H^ which hm 64 teedi, pitches into the pinion gr of' 8 
Jeaves. The axii of dus piafen earriea the whed I of CO teeth, 
which pitchca into the pinim A of 8 leav^ ; Hub makes W tnma fior 
MB of the whed H, and conao^iuently one torn in a inimite ; and the 
hand {, carried by the long pivot of die axis A, points out dK seedniB 
nndieffialB, No.1ia 

The axis of the second's pinion h carries die eontrate wheel X, 
which has 48 taeth i it pitclm into the pinion Ap of 18 leases. The 
axis of tins pinion osrries the whed of rc&ooanter, or erown whod is 
of L5 teedi. lliis whed mdcea ^scqiement widi die paDeta i; as, 
carrisd by the asis of the bahme^ M M, whidi is die ngidalst «f 
themadUuie. 

At 0$A ivvohstioB ftf thsr erown wbad L, dss bshmoehmkaalaMe 
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16 ▼ifaratioiii, tbit is lo sfty» 90 : mod Cm wheel nakes 4 tuna £br 
eae of the whed ftr eeoowle« ao thai the balance makea 180 Tihr*- 
tkaa in a minate^ and 7^200 in an hour ; each of theae TibralUNi% 
ihen, ia half a aacend of tone, and the aeoond'a hand nakca two beata 



The nedianiini of the ahnm paKt, whidi ia terj aniple» ia ood» 
lued in the aeoond firaaie N O, connened with that which endoaea 
the whcd work ornwreBent of the going part of the clock. 

TIk OBown wheel P, or that of the 'acaponeat, eaniea on ita azb 
Ike paSkj Q, (of the aame kind aa that on the going great wheel H) 
Bunwijul or owrlapped widi the cord which aupporta die wdght 
Ht die mofot of the ahurm, and its oonnterweiipbt S. This pnUej 
aahes a kind of dick and ratchet work, with that of the whed Pfiir 
ike winding up of die wdg^t R. 

T3m teeth of die wheel P 'scape, with the pallets «, o, fanned on 
the TCfdod aus T V, whose kneed arm pf^qq^ fona in « the 
hanuner flf the slann. This hammer is in fonn of a anaU cylinder, 
ihe two ends of whidi are ahapedaoMOwhat like a hcmisphcrioal hot- 
son, or it is a cylinder of a larger diameter, with heiusphericd eoda, 
aa aecB nt No. 19. and strikes alssmatdy ufoa the oppoaite inaide 
eigea of a hell, which is nsl represented in the pble* 

The darm whed P oarrieaonilsciionniliBrcttoeapinywhiGhasrTei 
la step the abnn after winding op die wd^ : dns step is made by 
means of the wok p of die detent p» ft r, put within die fiame eom- 
paaod of the diaLplate, and that of the hack pbte O of the alarm part. 
To make the detmHon of the alsnnt dMie is pbeed on the socket 
of die honr whed, anodlier aocket which carries the did of the dansi 
if and a eonnter ipring s, on which ia ined a pin, which aerrea to 
miae die arm r of die detent p, f,r; ao diet die arm p ia drswni^ 
fiam the whed P, and di senga ge s the pin which it eairies; the darm 
thai aeU dT, and atiikea rapidly on the bdL 

in order that the alarm may set sff at the pradae hoar at which one 
wants to be awdwned, it ia onfy tmnii q ; the Ad A of the alarm. No. 
9R ao diat die cypher of the hoar le^uiiad is plaeed under the samll 
midw of die hour hand. If it is wslfid dint itahonld giTB thealann 
at ft« haurs snd a haH^ place die did « it ia aeen. No. 90u between 
dm dphera ^and 5, be 

On comparing dm alarm part of diis clocks with the 'aoapamcnt- 
anrk in diat of Vick'a, the diffemnoemay beaaid to beveiy little ; toot 
a piiHey, when put on the arbor of Vlck'a crown whed, and mto it a 
sloDg with the othtf appstatos which haajuat now been deaeribed, 
truly constitute whal may fee eailed aa alaroL Urn amchanism 
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of an alarm part is greatly improyed by making it in such a wi^ m 
we sometimes have done, and here it is actuated by a spring, in place 
of a weight as in the former, not that this difference is considered as 
any part of the improvement. The wheels are 73, 64, and 60, three 
pinions of 8, eight semi-circular steel lifting pins, set alternately on 
each side of the wheel of 64, with two hammers and a bell to each, 
on separate and slender bell-studs ; by this means, each bell re- 
tains the sound brought out of it by its own hammer, and no jarring 
or confused disagreeable sort of noise can take jdace as in the 
iM teay^ from which, however, few or none of the modem alarms 
cQffer. The fly and its pinion will make 3.75 revoluticms for the 
lifting of each of the hammers. A wheel of 48, in placeof 60, would 
give 3 revolutions for the lift. The alarm barrel and spring is pat 
on, and inside of the fore-plate, the great wheel of 72 lays near to the 
pillar plate, the fly turns behind the pillar-plate, and may be made 
somewhat like that which is frequently used for the quarter part of a 
cbck; that is, so as at pleasure it can be set to moderate the velocity 
of the train of wheels, by extending the wings (or vanes) more or leas. 
The length of the fly over all may be from 8.5 to 4 inches, the weight 
about 118 grains. If the main spring of the alarm makes four tuma 
in the barrel, the time of the abrm running may be from a minute 
to two minutes, according to existing circumstances. 

The opinion, via. that the alarm part was a prior invention to the 
striking part in clocks, is strongly corroborated by the observations of 
Hamberger, in Bookman's Bistory of InoeniUms. ** These horo- 
logia,^he remarks, *' not only pointed out the hours by an index, bat 
emitted also a sound. This we learn from Primaria InHUuta Ca^ 
nonicorum PrcemonsiatenHum^ where it is ordered that the sacristan 
should regulate the horologium, and make it sound before matins to 
awaken him. I dare not, however, venture thence to infer, that these 
machines announced the number of the hour by their sound, aa tliey 
seem only to have given an abrm at any proposed timeof gettii^ up 
from bed. I have indeed never yet found an author where it is men- 
tioned that the number of the hour was expressed by them ; and when 
we read of their emitting a sound, weare to understand, that it waa 
for the purpose of awakening the sacristan to prayers. The expres- 
sion horologium cecidiif which occurs frequently in the before qacK 
ted writers, I consider as allusive to this sounding of the machine. 
Du Fresne, in my opinion, under the word horologium^ mistakea the 
eqnression, de ponderibus in imum delaprisy because the manhine 
was then at rest, and could raise neither the sacristan, or any one 
else, whose business it was to beat the 9cilla.'^ 
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Wlian an alunn is set ofT, the weight which is the moving force of 
it very toon fiills to the bottom, and then the alarm ceases. 

In attempting to make the first *scapement, there can be little 
doobt that something of the circular or cylindrical kind was contrived 
or discovered, and the only thing which could give it an alternate 
modon, was either a spiral spring or a pendulum ; but these things 
being then unknown, the dock-maker was obliged to seek after other 
methods, and at last produced the crown wheel and verge 'scapement. 
How came it that means so complicated were taken, when those which 
wore more ample and better were overlooked ? 

It is a very singular circumstance, that as a small ball or weight, 
when suspended by a slender thread, and drawn a little aside fi-om 
the perpendicular, on being let go, continues to vibrate for a consi- 
derable time, and with the utmost regularity ; and as many things in 
domestic life were hung up or suspended by strings, and were every 
day seen or observed : yet so long a time elapsed before any thing of 
dus kind was ever thought of, or applied to regulate the motion of a 
dodt ! It b said that Galileo took his idea of a pendulum from the 
motion of a lamp suspended from the roof, or ceiling of a church, 
which had been accidentally set a vibrating. He used the simple 
pendulum, in his astronomical observations, long before it was applied 
to a dock. Some of the earlier astronomers, as well as Galileo, used 
a common string and ball, which they made to vibrate a little while 
daring the time of an observation of any of the heavenly bodies ; 
yet even these astronomers did not think of its application to clocks. 
Many watch-finishers, when their watch is finished, for want of a 
pendulum clocks regulate it by means of a ball and string, which will 
answer very well, by taking 50 vibrations of a pendulum, whose os- 
dlladons are made in a second, in the same time that the contrate 
whed of a common watch ought to make one revolution. 

la gravitation is the principle on which the isochronal motion of 
a pendulum is founded, it cannot properly be considered as an inven- 
tion, as some have called it, whatever name may be given to it when 
mpfl&ed, to regulate the motion of a clock. The pendulum having 
Mate this been long known in its simple state, and used as a sort of 
time-measurer, it was no wonder that the idea of applying it to a clock 
was entertained by several persons nearly about the same period. 
The movement of the ancient balance clocks was not adapted for the 
application of the pendulum, so as readily to give motion to it. The 
wheels in them were all flat ones, except the crown wheel, and no 
other ''scapement at this time was known but that of the crown whed 
and verge ; so that» without oonsideraUe difficulty and invention, 

t 
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the pendulum could not well be applied to this construction of a dock 
movement. The pocket watch had been made a onniidgrable time 
before this, and the construction of its movement, whkh had a eon- 
trate wheel in it, would naturally lead them to that of one wbiA 
would adapt itself to the motion of a pendulum, as by meaae of dte 
contrate wheel, the arbor of the crown whed could be made to ataad 
in a vertical position, wh^eas, in the dd balance docks, th* po^iliflii 
was horizontal. Galileo seems eady to have jdiacavered the V^f^a^ 
ties of the pendulum ; it has been said, as early as iiowardfl ibe end 
of the sixteenth century, and their investigation long after that waa 
prosecuted with great success by Huyghens. 

The son of Galileo applied the poidulum to a dock at Venice, in 
the year 1649 ; but to what sort of a movement we cannot {netrad 
to say, though we suspect, from that want of success which seems to 
have attended his trids, that he had not adopted the contrate whed 
movement, already mentioned, as the most proper for it. We know 
that Huyghens made use of this sort of moremeaty as the only 
one fit to be regulated by the motion of the pendulum, which he bad 
also applied. Of late, another candidate for the ap^caticm of the 
pendulum to a dock has been brought forward by such, respectable au- 
thority, that leaves little or no room to doubt of its authenticity. 
Mr. Grignion informs us, *^ that a clock was made in 1642, by Riob- 
ard Harris of London, for the churdi of St. Paul's, Covent Gaideii, 
and that this dock had a pendulum to it.*" It appears, from un- 
questionaUe evidence, that Galileo, mathematician to the Grand 
Duke of Tuscany, first discovered the properties of the penddum. 
Vised it in his astronomicd observations, as has been abeady men- 
^oned, and wrote a tract explaining its prindples. This tract 
was translated from the Italian into French at Paris, printed in 10S9, 
in a duodecimo volume, and sold by Pierre Ricolet. Galileo in- 
tended to apply it to a dock, but this he never put in ezecutiop. Fa- 
ther Alexander says, ^' that they had nothing better than the balanee 
docks in France until the year 1660.^ . .. 

It may be observed, that the application of the pendulum to a 
dock, and di the spird spring to the bdance of a watch, were the 
greatest improvements that could possibly have been made in ftfae 
machinery of time-measuring, and they both happened to have been 
brought into use nearly about the same period. 

Seeing that Daniel and Thomas Grignion had been watch-mafcera 
in London as early as 1740, if not before, were loi^ afterwaida in 
great vepiite, men of integrity, and great ingenuity, especiaUy 
Tlioiiiffc ifbo Imi left us in audi a positive manner this acenmt «f 



i>XSGOVX&Y Of THJC rSVDULUM. 179 

Hcrru^s pendttlain doA, UuU • doubt of the fact cannot veil be ad- 
■dcied ; and althoui^ it had not till of btte got any kind of pttUiciQrt 
jet thia cannot be a sufficient leason to make us withhold our asseot 
to it. Galileo had published an account of the nature and prc^rties 
of diependuhun • few years before Harris's dock was made« who 
nay h«Te by some means got hold of it, and* being a cWek-maker» 
might very readily fidl on the way of implying a pendulum to his 
dodL Inigo Jones was the architect for the church of St Paul^ 
Corenft Grarden, he had been twice in Italy during the time that 
Galileo flourished, and possibly m«y have communicated to Harris 
what he might haTe heard in Italy of a pendulnm. 

Justus Borgen, or Byrgius, a Swiss, who was allowed to be an ex- 
cdlent mechanic, as well as a profound mathematician and astrono- 
mer, is said to haTe put a pendulum to a dock, and this at a consi- 
denble time before that of Harris's. Being much engaged in making 
philosophical and mathematical instruments of various kinds, he 
may probably have seen the nature of a swinging body or pendu- 
lnm, and adapted it to his clock ; or he may have heard of what had 
been done at published by Galileo, who was well on in the vigour 
of lifesomewhile before Tycho Brahe came to Prague. 

The evidence for this, as will be seen in the sequel, surely carries 
along with it such a degree of respect, that there seems to be no im- 
tional ground to refuse or deny it. 

Berthoud has a train of arguments against that of Borgen having 
qiplied the pendulum to a clock, yet says, ** considering his great 
ahilitiea, it is not improbable, but from not having published it, he 
is not entitled to the merit of it/' The arguments used here against 
Borgen may come equally so to Harris. ^' That because a pendulum 
dodk was not known in France befiore the year 1660, it is not likely 
dint it conld have been ai)plied any where else, for any length of time, 
bsfinre this period,*" — *' that so great an improvement as this is to a 
doek oould not fail to be soon and widely spread abroad.'* It may, 
however, be remarked, that there are many things of great utility 
Am get diffi»ed, but very slowly and gradually after the discovery. 
Waieh-jewellmgi for instance^ was practised, as a trade, in London 
nearly an hundred years before it was introduced in Paris, or even 
Geneva, the native place of the invention. Indeed, this art w«s so 
long eatablished in London, that most of the watdi-makers there 
theught it an English invention, at least wo found this to be then: 
general opinion in the year 1797, when in that dty, on a de- 
puUthm from Edinburgh for effecting the r^eal of the watich 
tan mcU In corroboration of this, wo shall inaeii what has been 



180 



DISCOVERY OF THE t'EKDULUK. 



said on the subject by a very eminent French author. " Nous 
finirons, en annoncant que les Cit. Mole et Magnin, artistes de Ge- 
neve, qui avoient travaille k Paris, chez le Cit. Berthoud, ont execu- 
te en I79B, une montre marine, qui a ete eprouvee avec le plus 
grand succes dans Pobservatoire de Geneve, ( Bibliothique Britan- 
nique^ An. 7.) lis y font usage de Tart de percer les rubis, ancien> 
nement porte de Geneve en Angleterre, et qu'^ils ont apprit du Cit. 
Mallet, qui avoit travaille k Londresc hez Harlay, possesseur de cet 
art ; le Cit. Louis Berthoud se Test aussi procure.*** Voyea, Histcite 
des MathSmatiqueSy par J. E. Montucla. Tome quatrikne, p. 566. A 
Paris, Mai 1802. Which, in English, is this, ^* We shall conclude 
by mentioning, that the citizens Mole and Magnin, artists of Geneva, 
who had practised at Paris with citizen Berthoud, made, in 1798, a 
marine (time-keeper) watch, which has been tried in the Observatory 
at Geneva, where it gave satisfactory proofs of its great regularity. 
{BihlioMque Britanniquef An. 7.) In it they made use of the art 
of piercing rubies, formerly carried from Geneva into England, in 
which they had been taught by citizen Mallet, who had worked in 
London with Harley^ a watch-jeweller there. Citizen Louis Ber- 
thoud is also a master in this branch of watch-making.**^ See The 
History of Mathematics^ by J. E. Montucla, vol. iv. p. 568. Paris, 
May, 1802. — We knew Harley to he an excellent maker of ruby 
cylinders^ having frequently employed him in that way. 

With regard to the pendulum clocks of Borgen, Harris, and even 
those of Huyghens, they all had the old crown wheel and verge 
^scapement, and pendulums of no great length, consequently their 
precision of time-keeping was not so great as to attract, or much in- 
terest the attention of astronomers or of artists, unless in so far as the 
latter were professionally interested. 

*^ Among them,^ says Derham, ^^ that have claimed the merit of 
the invention, the great Galileo hath the most to be said on his side. 
Dr. John Joachim Becher, (who printed a book when he was in Eng- 
land, entitled, De Nova temporis dimetiendi ratione Theorx€Bi &c. 
which he dedicated to the Royal Society, anno 1680,) he, I say, teUs 
us, < that Count Magalotti (the Great Duke of Tuscany^s resident at 
the Emperor'^s court) told him the whole history of these pendulum 
docks, and denied Mr. Zulichem to be the author of them. Also, 
that one Treffler (clock-maker to the father of the Great Duke of 
Tuscany) related to him the like history : and said, moreover, that 
he had made the first pendulum clock at Florence^ by command of 
the Great Duke, and by the directions of his mathematician Galileus 
■% Galileo, a pattern of which was brought to Holland. And fiotfaer 
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he BJuthy that one Caspar Domsy a FlemiDg, and mathematician to 
John FhiUp a Schanbemy (the Ute Elector of Menu), told him 
that he had seen at Prague, in the time of the Emperor Rudolphua, 
(who reigned from 1576 to 1612,) a pendulum clock made by the 
famous Justus Borgen, mechanic and clock-maker to the Emperor, 
which dock the great Tycho Brahe used in his astronomical obser- 
▼adona.^ 

An epitome of this celebrated astronomer^s history shall be given, 
as it tends, in some degree, to confirm this account as given by Be- 
cber. Derham, after Sturmius, says, *^ that Riccioli first made use 
of pendulums to measure time.**" This seems to be incorrect, as Ga- 
lileo knew the properties of the pendulum even before Riccioli was 
bom. See DerhanCa Artificial Clock-maker. Having given a his- 
torical detail of the first pendulum clocks, it is left for the reader to 
judge for himself, who, it is hoped, will also excuse any repetitions 
that may have occurred, arising from causes which are nowise neces- 
ssiy to be explained here. 

Tycho Brahe having attained, by his astronomical labours, so much 
honour and fame, as to draw upon him (during the minority of a young 
prince) the envy of a few illiberal courtiers of Denmark, who got 
him removed firom his observatory and place of residence, which he 
had erected on the small island of Hucn, in order to deprive him of 
the power of prosecuting his observations ; he came then to Copenha- 
gen, and had not been long there, when, persecuted by the same blind 
malignity, he was ordered by the minister to desist from his astrono- 
mical and chemical pursuits. It was these circumstances which led 
him to Prague in 1599} where Rudolphus, who well knew his merits, 
patronised him, and gave him a considerable pension, and a castle, at 
five miles distance, for himself and family to reside in. It must have 
been at this period that he used the pendulum clock, said to have 
been made by Justus Borgen. But he did not live long to en- 
joy the generous appointment of the Emperor Rudolphus, being 
very suddenly carried off by an acute disease, induced by an over 
delicacy in a retention of water, in the year 1601, and in the fifly« 
fifUi year of his age. 

Description of Huyghem* Clock, 

Plate IV. No. 21, represents a view of it in profile ; A A, B B, 
are two plates placed vertically. They are 6 inches in height, and 
8 inches and a half broad, and connected together by four pillaia 
placed at the angles. The height of these pillars is one inch and 
a half^ the pivots of the arbors of the principal wheels run in thes^ 

n3 
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plates. The first wheel marked C has 80 teeth, and IS indies and • 
half m diameter ; it carries on its arbor a pulley D, whose oonyes: 
edge is ftimished with sharp steel points, to prevent die cord which 
hips over it from slipping, and to this cord two weights are attached, 
as shall afterwards be explained. The wheel C dien receives its 
motion by one of the weights, and communicates it to the pinion £ 
of 8 leaves, and consequently to the wheel F of 48 teeth, whidi haa 
the same arbor as the pinion. The wheel F drives the pinion 6» 
and the contrate wheel H on the same arbor with G, having 46 teeth. 
It is from the last wheel that the pinion I and the wheel K receive 
thdr modon ; the pinion I is of !^ leaves, and die wheel K 15 teeth, 
inclined as represented in die figure. N Q and P are two cocks 
fixed on the plate B B. The eztremides P and Q of the two cocka 
carry the pivots of the verge L M, and the projecdng part of the 
cock Q is pierced with two holes, one for the traverse of the vetge 
L M, the other whidi receives the upper pivot of the arbor of tlie 
wheel E. The arbor, or verge L M, (which also crosses the piste 
B B,) carries die two pallets L L, which must be altetnalrf y nHsd, 
in contrary direcdons, by the teeth of the wheel K. The part M 
of the verge L M, which goes outside of the firame, carries the fetk 
S, between which passes the rod V Y of the pendulum V X, 8U»* 
pended by means of two threads between the cycloidal che^s, of 
which T is the profile, but seen moreover in perspective in No. y, 
bodi show suificiendy how the whole is connected. 

Moreover, here is what regards die disposition and going i£ the 
luuids \ gg IB a third plate, and parallel to the two first, distant m 
quarter of an inch from the plate A A. Through the centre of die 
dial, traced on this plate, the arbor of the wheel C is lengthened out. 
On the dial are traced two concentric circles, one divided into IS, die 
other into 60 parts. On the arbor of the wheel C, and outside of 
the plate A A, the canon or socket of the wheel a is put on spring 
tight, and goes as far as e through the plate ggj and can turn with 
die wheel C, or, independent of it, when thought proper to make it 
do so, it is at the point e, where <ht minute hand is put. Widi re- 
gard to the wheel a, it drives a wheel b of the same number <Kf teetli^ 
whose axis carries a pinion of 6 leaves, one of its pivots run in the 
plate A A, the other in the cock e, screwed on to the plate A A. 

Lastly, this last pinion leads the wheel d of 7S teeth, whose aodcet 
goes on that of the wheel a, coming below e, and passes like k 
dirough the plate gg,- the end of this socket carries die hour hand^ 
which is a litde shorter than the minute hand. Widi regaid to the 
aeoonds, to avoid confusion, the arbor of the wheel H, which ia pro-* 
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loiigifl M flHT ai the plile ir/^, etmet a dud //divided imto fiOpart^ 
w ladi tons in the sane time aa the wheel U, and an index g fixed 
to the opper part of the opening made on the phte^^ymarka the le- 
eonds, aoooiding aa the diviaiona paaa. 

It shall now be shown, in what way the going weight was applied 
hf Hi^rghena, aoaa to keep the dock going during the time of wind- 
ing up, a contmancei uj% he, hitherto net thought of, and which da* 
•erred aone oonsideiation. The cord which ia used here is oontini»> 
ed^ that ia, ita ends are joined together, and hence it may be called 
an endless oovd. It is first passed over the puUey D, attached to the 
great wheel C, (or ita lepreaentatiTe A, No.SS), from whenee it comes 
dawn, and takea in the pnUejr d, (of the main weight P) passing nn« 
dsr it and carried upwards, it passes orer and takes in the ratdiet 
paBej Ht which tuma on a stud, fixed to the inside of the backplaie 
of the dock frame* From this policy the cord comes down, and goes 
onder Ae poBey/, which carries the counter weight p, in order so 
pmrena the main weight P from descending, (otherwise, than when 
makingthepidleyD,andthe great whedC to turn), andhwtly,&am 
die pulley /, the cord retoms to the first pulley A or D. The ratdi- 
et puUay H^ like D has jagged sted points inserted in the bottom of 
ihe gsooTe, besidea baring a dick and spring to prevent its turning 
backward ; and can only turn one way, by pulling down the cord at 
as, when it is wanted to raiae vp the main weight P. It is dear by 
this way, that the main wdght P, exerts only half of its fierce to torn 
die wheel work, and this efert is not suspended during the time that 
di^ going weight is brought op. This, we may observe, is the fiat 
appfication of a going work in time of winding. See Horkgntm 
OscUiatonum. Paris, 1673, p. 5. Or Histaire de la MUure du 
T€mp$ par les Hori€ge§^ par Ferdinand Berthoud. Tome premier. 
A FarU, An X. (1802 V. S.) 

' In some of the old Dutdi striking docks of 30 hours going, an 
Dord went over, not only the pulley of the going part, butalaa 
that of the striking part, and one weight aerved for both; the 
w ii i to g up waa, by pulling down the cord from the atriking side, 
tha poDey on the great wbed there having a circular ated step qiriogt 
dM aispbntted against the crosses of the whed, when ftheloroe of the 
we i ght was apfriied, but passed them fredy when winding up. 

NotwithsUnding the application of tha pendulum, and the inga- 
maoa oontrivance of cydoidd ched» by Huygbens, in order to make 
dielong and short vibrations be perfi>rmed in nearly as equal timea 
as possible ; yet these chx^ks did not keep time with that cc^rrectness 
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which was expected. This arose from the great extent of the arc 
of vibration, the lightness of the pendulum ball, the great donUnion 
which the dock had over the pendulum, and the bad eflects produced 
by the cydoidal cheeks, which, however excellent in theory, were 
never found useful in practice. 

This led artists and amateurs of the profession to think of fiEurther 
means of improvement. Accordingly, about the year 1680, a dock 
was made by W. Clement, a clock-maker in London, having, in place 
of the crown wheel and verge 'scapement, a ^scapement which was 
nearly the same as the common recoiling one of the present day. The 
swing whed S W,FIate IV.No.23, was flat, having a sort of ratchet or 
saw-Iike teeth,andthe pallets PP,had a remote resemblance to the head 
of an anchor, by which it acquired at that time the name of the anchor 
""scapement The ball of the pendulum was made much heavier than 
what formerly had been used, the arc of vibration much shorter, and 
the motive force much less. From the excellent time-keeping of the 
dock, this was found to be a great improvement, and hence this 
^scapement was afterwards generally adopted. It passed into Hol- 
land, Germany, but was hardly known in France until the year 
1695* See Histoire de la Mesure du TempSy tom. i. p. 100. 

At the time this clock of Clement's appeared. Dr. Hooke daimed 
the invention of it as his, and affirmed, that af^ the great fire of 
London in 1666, he had shewn to the lloyal Sodety, a clock with 
this very 'scapement. ** Considering,^ says Sully in his Histoire 
des Echappemens^ ** the genius, and the g^at number of fine dis- 
coveries of this excellent man, I see no room to doubt that he was the 
first inventor of it."" 'llie pendulum with this "scapement had received 
the name of the Hoyal Pendulum. 

Robert Hooke came to Oxfi^rd as a poor scholar, and brought 

with him a number of mechanical nick-nacks, which he had made at 

home. His mechanical genius soon made him known to the members 

of the Invisible Society there, who employed him to work for them* 

making apparatus for their experiments. Dr. Ward, afterwards 

Bishop of Salisbury, took a liking for him, and instructed him in 

mathematics and astronomy. He urged him to try his mechanical 

genius in contriving a 'scapement for a pendulum. It would appear 

that they found that the "scapement for a balance, which had long 

been in use, did not answer, probably because it required very wide 

vibrations, which were found to be not so equable as required ; and 

Hooke invented this some time before February 1656 ; for there are 

observations of a solar eclipse made in that month, at Oxford, by a 

pendulum clock. 
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Hooked finher was a watch-maker at Bajreiwater, in the Isle of 
Wight, where he had probably been taught to work. The ooBtrtraiicei 
and inrentions of Hooke are numeioiia, and aQ of them very ingeni> 
ous. A eatalogne of them has been sdectedftom his works and others, 
by the bte Professor Robison, who was a great admirer of his inge- 
noi^, and is inserted in the Sopfilement to the third edition of the 
Encyck^MBdia Britannica, nnder the article Dr. Hobkbt Uooxn. 
His researches were much the same as those afterwards pursued by 
the immortsl Newton, whose protot3rpe he seems to hare been. He 
also proposed to make a clock to regbter the changes in the barome- 
ter. Gumming may bare taken up this idea of Hooker's, having 
made a barometrioal dock for bis late Migesty King George the Third; 
though this is not mentioned in the Supplement, yet it is said to be 
one of Hookers inventions, as stated in the Proftssor^s manuscript 
Catalogue of them, in our possession. 

Dr. Hookers claim to the merit of the iuTention of the anchor pal> 
let ^scapement af^iears to be completely confirmed by the silence of 
Smith in his Horological DUquuiUumt, wfaidi were published not 
very hmg afterwards, who then, and who is the on/f one that has 
mentioned several improvements applied to a dock made by Clement^ 
but takes no noticeof the anchor palleta, a thing at that time (lOBO) 
10 new, and which, fttnn their very construction or figure, could not be 
used without adopting the consequences to which they would naturally 
lead, Tis. the pendulum rod to be longer, the ball much heavier than 
what was used befbre, the swing to be shorter, and the movingpower 
mudi less. Mr. Smith must have known that the anchor pallets 
were the contnTance of Dr. Hooke, otherwise he would have described 
them, being the panegyrist of Ciemeni^ and, as a d o c k -maker, Tory 
capable of doing so, knowing well it was on them the whole improvo* 
ment hinged. The following is an extract firom his little book : ** At 
lengdi, in Holland, an ingenious and learned g^entleman, Mr. Chris* 
tian Hugens by name, found out the way to regulate the uncertainty 
of its motion, (that of a dock,) by the vibration of a pendulum. From 
HoDand, the fiune of the invention soon passed over into Eng landf 
where several eminent and ingenious woickmeB applied themselves to 
rectify some defects which as yet were found therein ; auMmg which 
that eminent and well-known artist, Mr. WiOiam Cfoinen/, had at 
Isst the good fortune to give it the finishing stroke, he being the real 
contriver of that curious kind of long pendulum, which is at this day 
so universaOy in use among us ; an invention that e iceeds all others 
jet known as to the exactness and steadiness of iu motion, which 
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proceeds from two pnqiertiea peculiar to this pendulum ; the ode i» 
die weightiness of its bob, and the other the little compass in which 
it plays : The first of these makes it less apt to be commanded bj the 
accidental differences of strength that mi^ sometimes hiqppen in the 
draught of the wheds ; «id the other renders the vibrations more 
efoal and exact, as not being capaUe of altering so much in the dis- 
tance of the swing as the other Und of pendniums are, which fetch a 
hffger, and, fay consequence, a less constant compass.*^ 

Lepaute is also of Sullyls opinion, and thou^t that Dr« Hooke 
had the best title to the merit of the invention* That he invented 
the anchor pallets must now appear unquestionable ; and there can be 
little or no doubt that he applied the h>ng pendulum rod and heavy 
ball, whose short arcs required but a small fiuce to keep them up. 

Clement J being an ingenious clock<*maker, may have been (of his 
profession) the first who made and sent-a dock of thb description 
abroad to the public : this was about fourteen yeard after Dr» Hooke 
lud shown hie to the Royal Society. It is sii^pdar diat neither 
Smith not Deiham, irho were oontemporary with CSlemeaM, lake th? 
least notice of the ^ pallets whidhi were at his clock ; mesntioning the 
edlateral circumstances <mly» 

The dead beat 'scapement of Graham's nett succeeded, which was 
invented. some time before the beginning of the eighteenth century ; 
tile principle of it in the horiacmtal watch was adopted in the p^h^t 
cf adeck 'scapemeat, which has continued to be the one g^emUy 
used in .regulators or astronomical docks^ with a very few exoeptiotts^ 

About ten or fifteen years afterwards, it came to be known in 
France, where it was adopted as the best for docks intended to 
measure time accuratdy. * Ltpaute^ a very ingoiious watcfakmakcHr in 
Bans, produced, about the year 1763, or some time there#l^t» a 
Vapement founded on that of Graham^s dead beet' one. In La- 
paute^ die reet of the teeth on the pallets was aiways widi the 
samedfect^ because it was on die same drde, whidisoever of the pal* 
kli it rested upon; and die impulse was always the same on irhiclb- 
aoever pallet it was given, die flanches of die pdlets being pluea 
aquaHy inclined, or having tha'sameanj^. This wis, tiodoiibtf soma 
naprovameBt'.on QnAum^e r but the teeth of the swii^ whed \fk X«a- 
faiite'b oonsistM of sixty snndl ated pins^ tfaiiity being arrfOi^ed on 
4adi«id»«f dmjrim of tbairhed; and wharepin teeth lore U8c4» oi), 
which! « in some degree neeessaiy,'OBmiet easily be kept on tbem^the 
allEaodoBi of dm rim of '^the whed constandy-jdraining die oil .feovn 
dieee pin sort of teeth, an evil which is perhaps not easily to be got 
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die better o( iiiile«bjr uring tumeiMdleCi aad bavd Mnpered ateel 
piiie. 

l}€»eripiim of Upauie's 'ScapmmU. (Phle V. No. 97.) 

Ob mk arbor F, or whet le called the T«rge in a doek, tm^medpfo* 
peDei aroHi of mdi a ehape as repreeeatad in tbe flgnae ; the avBi< 
G A e ii belund tbe awing wheel, the odier, H B li, ia an the oppcK 
nte aide, and the acting parta are at audi a diitamw fton each other 
ai JQst to allow a proper freedom tat the plane of the wheal lo paM 
between them ; the arm G A nrait be filed away at 6f an as to dear 
ihe tops of the pin teeth on that side of the wheal: one of die amm 
b meted ftst to the socket which connects dMn with the arbor, tha 
odier mnst be allowed to turn sbanii (though with diflcultj,) ao aa 
die pallet fiandies can ha est or made to any an^ leqaiied. The 
parta B I, L 8^ af Ae palleta, are arcs of a ctrde, whose centre is at 
I^afliin Ae same plane with that of die whed teeth, it ia on tham 
Aat they rest dnring a part of the times of ascending and deaeanding 
of die pendnhim ; die acting parts are the inclined planea I e, L i^ 
by means of which the teeth of the whed give impulse to thependop 
Imn. The white pins jr y, are on this side of the whed : the pina 
m n, are on die other side, placed dtematdy with eadi other : There 
are dnree fiunt traces of circles drawn on tbe rim of the wheel, for the 
porpoae of arranpng the pin teedi properly ; the acdng part of the 
wldte teedi are on die inside of the middle drde, that of the darker 
teedi are on the oatside ; by this way the impulses are giren quite 
equal by all the teeth, in so far as regards thdr eflect on the pendu* 
liim, ami the effect during the time of rest may be said to be the 
same ; die teeth have one half of their diameter or diicknees taken 
away, so as to allow die pallets to get dear more instantly at the timo 
of dropping from them, than they could otherwise do, were the pin 
teedi left wholly round. 

Tile whed turning from u towards Jty by the fcrco of the going 
vd^t, the teeth on diis side of the whed meet the incUnad plane 
L rf, and pushes it towards B ; by dns the pallet 6 A e, which ia an 
die oppodte side of the wheel, advances under the next coming an 
toodi u; at diis time the point v having eacaped Aram the point d^ 
and the pallet arm G A continuing to go on that side, by die imfad* 
sion given to it by die pendulum, while the tooth li is on the eonoavo 
circular part R, wfaidi is tbe arc of rest The pallet arma hmng 
broB^t back towards die side A, by die descending oseillalioB of die 
pendnhmi, the pin «, which rubbed on the are RI during the tfanoaf 

rest, immediately meets the indined plane I a, an wWeh it aela aa 
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the tooth V did on the plane L d, but in a contrary direction, in 
pushing the pallet arms from e towards A, until the following or next 
tooth finds itself on the constant arc L S, to re-descend from it upon 
the inclined plane L dj and so on. It may be remarked^ that 60 teeth 
in thje swing wheel are necessary in this 'scapement, whereas^ in ordi- 
nary ^scapementSy half of this number serves the same purpose, which 
is obvious, because in the ordinary way each tooth gives impulse to 
the pendulum on both sides ; but in this of Lepaute^s, 30 teeth give 
impulse only to the pendulum on one side, and 30 to the other side. 
Notwithstanding the seeming superiority and great character which 
the dead beat ^sciqiement had long acquired over that of the recoiling 
<me, represented Platel V. No. 25, this last, however, had its partisans, 
and among them were artists and amateurs possessed of first-rate ta- 
lents : Professor Ludlam of Cambridge, fierthoud, Smeaton, and 
others. Harrison, indeed, always rejected the dead beat ''scapement 
with a sort of indignation. The author of the Elements of Clock 
and Watch-making has said a great deal in fiivour of the dead beat, 
and as much against the recoiling 'scapement, without having shown 
in what the difference consisted, or what was the cause of the good 
properties in the one, or what were the defects in the other. It ap- 
pears doubtfiil if these causes were known to him ; indeed, from his 
book, it may fairly be presumed that they were not, at least at the 
time it was written ; yet he was deservedly allowed to be a man of 
great talent in every respect, and of considerable genius. When 
pallets are intended to give a small recoil, their form, if properly 
made, difiers very little from those made for the dead beat, as may 
be seen by the dotted curve lines on the dead beat pallets in No. 28. 
The circular parts of the dead beat pallets are drawn from their centre 
of motion t?, those for recoiling pallets are drawn from points eccen- 
tric to that of their motion. 

We shall endeavour to point out the properties and defects natu- 
rally inherent in each : — When the teeth of the swing wheel, in the 
recoiling ^scapement, drop or fall on either of the pallets, the pallets, 
from their form, make all the wheels have a retrograde motion, oppoa- 
ing, at the same time, the pendulum in its ascent, and the descent 
from the same cause being equally promoted. This recoil or retro, 
grade motion of the wheels, which is imposed on them by the re- 
liction of the pendulum, is sometimes nearly a third, sometimes near- 
ly a half or more, of the step previously advanced by the movement. 
This is perhaps the greatest or the only defect that can properly be 
imputed to the recoiling 'scapement, and is the cause of the greater 
veariag in the holes, pivots, and pinions, than that which takes place 
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in B clock or vstch, hiving the dead beat or cjlindricil ' ■ c B peroe nt ; 
but this defect may partly be renoTed by making the reooil smalU 
or a little more than merely a dead beat. After a recoilii^ clock 
has been brought to dme, any additional motire fiiroe that is put to 
it wiO not greatly increase the arc of vibration, yet the dock will be 
found to go considerably faster ; and, it is known, that where the are 
of vibration u a very small matter increased, the clock ought to go 
skwer, as would be the case, in some smaQ degree, even with the isolat- 
ed Bnd rimple pendulum. The form of the recoiling pallets tends 
to Bocderate ai^ multiply the number of vibratioBs according to the 
increase of the motive force impressed upon them, and hence the 
dofk win gain on the time to which it was before regulated. Pro- 
fessor Ludlam, who had four clocks in his house, three of them 
with the dead beat, and the other with a recoil, said, *' that none of 
them kept time, feir or foul, like the last : this kind of '"scapement 
gOBges the pendulum, the dead beat leaves it at liberty.** Were it ne- 
ceaaaiy , many incontestible proofi could be adduced of the excellent 
performance of clocks which have the recoiling ^scapement. 

liCt us now make a similar comparative trial with the dead beat 
Vca^iement. An additional motive force being put to it, we find that 
tlie arc of vibration is considerably increased, and the clock in conse- 
quence of this goes very slow. There are two causes which produce 
tins : the one is, the greater pressure by the swing wheel teeth ob 
the drcular part of the pallets during the time of rest ; the other is, 
cfae increase of the arc of vibration. It was observed in the case of 
recoil, that an additional motive force made the clock go fiist ; and 
the same cause is found to make the clock, having ihe dead beat, to 
go slow. As the causes are the same, and yet produce eflects diame- 
trically oppodte, does not this evidently point out what is necessary 
to be done ? The pallets should be so formed, as to have very little 
of a recoil, and as little of the dead beat ; and here any small varia- 
tion of the motive force, or in the arc of vibration, will produce no 
BensiUe deviation from its settled rate of time-keeping. Pallets of 
diis description were early proposed by our ingenious countryman 
SuOy^ after having seen the inutility of Huyghen^s cychridal cheeks. 
See his HUtoire des Eschappemens. We are informed that a dodc 
was given by the late Mr. Thomas Grignion, to the Society for the 
Encouragement of Arts, Manufactures, fcc, ** which had a dead beat 
'scapement, so constructed or drawn oiF, that any diminution or ad- 
dition of motive force, would not alter the time-keeping of the clock."*^ 
An the ^scapements of this kind whidi have been hitherto made, 
were commonly drawn off* nearly in die same way aa Mr. GiignieiiV 
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that is, the dislianoe between the centre of the pallets and the centre 
<£ the swing wheel, is equal to one diameter of the wheel, taken on 
the linewhich joins these centres ; and the acting parts of the pallets 
is a tangent taken from the o^itre of the pallets to the wheel, taking 
in ten ttoel%, and 'sca|«ng on the eleventh ; this is nearly the same 
•as represented in Plate II. of Mr. Cumming^s book. The only dif. 
ference' is^ that Mr. 6rigm<m's cirde of rest is the same on each pal- 
let ; but whether it po os o oa e s the pr(q[ierties which have been ascribed 
lo it, shdl be left toth^determinatiDn of those who may choose to 
try this .j^iperiflieBt with it» The circle for the time of rest being 
^ samel dsifm ib^ flandies should be made to give the angles alike 
:0m both sid^ : w# s^^pose this to have been Graham^s way of it. 

, Notwitihitincfa^ whai has been said respecting the giving iao- 
^ehronal qor^es. t(» the pallets of a clock, it appears doubtful if 
mifik a curve cati possibly be given them, that shall make the 
long mi short vibmtions of the pendulum be all performed in the 
fame time. Even in the best executed dock, whose ^scapement 
is equally so, baying the same motive force constant, the arc 
^f vibration will bQ seen in a state of continual change ; and where 
this arc is not constant, there will be a small difference in the time- 
keeping, that is to say, if nicely observed. With the spring pallet 
'scapement, whose motive force may be said to be very constant and 
uniform, yet the vibrations of the pendulum with it, will be found to 
have changes in a small degree. At all events, if the semi-angle of 
a dead beat ^scspement, is equal to one degree, and that of the addi- 
tional, of arc of supplement as it may be caDed, is half a dqpreemore, 
this should be more than snffident to make the pendulum to escape 
even in the worst state of the oiL Pallets having so short a line of 
curve as this, must be cl little or no consideration in regard to their 
pAttessing isochronal properties. 

Clock-makers in general have an idea that in a ^scapement, the 
pallets ought to take in seven, nine, or eleven teeth, thinking that 
an even number cquld not answer. This opinion seems to have arisen 
(as has been before maitioned) from the old crown wheel having al- 
wmys an odd number of teeth, because an even number could not 
have been so fit for it; there seems to be no rules (as aome Aoee 
imagined) necessarily prescribed for drawing off either the recoiling 
or the dead beat Vcapement, fitt any particular distance which the 
centre ^ the pallets ought to have from that of the swing wbeeL 
The nearer that the cmtres of the swing whed and pallets are, the 
Jass will be the number of teeth required to be taken in by the pal- 
Miv when ^ tai^pnt to them i» diawn to tke whoeL 

It is very obvious, that when the arms of the pallets are long, the 
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inftiwict of the mc^ym IJMree wi tlie pfadoluin iriU be greal ; isd 
irim e#fW0» llurt !•» whes ike paUei anna aie shorty dw influeace of 
tbt notive <Nce will be lev, but the angle of the 'icapeiiieiit will 
wtimlljr be gnetcrtlMHt iMy be l e ^uu e d ; but thbeenbe easily re- 
medied by making the flanehes so as to give any angle required. 
Itt eedinavy docks, when ihisfuigleis not quite half a degree oo caoh 
■iOf a very sasall notiYe fovee -will kesp a very heavy pendulnm in 
■etian We have known avaiy good dock-maker, who thought 
that the flanch of a pallet was an «rbilnry or fixed poiati whidi eoidd 
be mmtft only in one way, mid it was eome Ultle whde ksfine he ooeld 
be eattvinced ef Iheeenirary* The flanrfics nwy be made so lo^g 
as to act something like detents, so as to stop the whed altogether 
by dM teed^ OV 4hey may be made so short m to aHow the wheel 
leedi 10 pass theas akogHher iritiRmt even giving impulse tethcai. 
U is Unam there would be no 'seapement here ; only it shews that the 
fanchm of the pallets may be made to give any angle of "scapemsnt, 
fiem a iorw minutes of a degree eo two or three degrees. Whatsvsr 
diennf^ofthe flanches miqr be taken at, all that is eeqwdae ia to 
make the wbed ^soqie so, thai the tooth, when it drops on the pdkt, 
shall -UX just beyond the comer of the flanch, and in on the dicular 
part of the dead beat pallet; this rule will equally serve where a ma- 
dsnte reosil is intended. The eommen recoiling pallets mqr be made 
in vmious ways, according to the ftney of the maker. At Nou 84, 
the dead beat 'seapement is leprcssnted : the wbed has ten leeA, 
taken m by the palkis, one rf which isseen to have dropped off from 
the diiving pallet, and another, at tfaia instant, to have got ia an t|ie 
«rculsr part of the leading pallet, where it aesls during the time ef 
"Ae vibration, at the end of it, the tooth will have get further in on 
the circular part ; when returning, it gets on the danrhfd part of the 
peDel, and givm new impulse to the pendulum, andso on« By amka^g 
the pallets to agree with the dotted carve hnes, in ph^e ef having a 
dead beat, they will make a small recoil. The anus of die paUeU 
am not quite so long m in Graham's origind dead beat 'seapement, 
y«t Aey might with advantage be a little shorter^ in enkr that the 
laiMDee ef the motive force on the pcndnhnw amy be IsaMmd. 
FkabaUy Chrdmm's reaeon hi having audi kag anna to hie pallets, 
waa to show the superiority of hsa'scapemeat over that of the leosil- 
iagene, by the very heavy pendulums he pnt to his docks, and merad 

by a vary Kght weight « many ef hie legulatara went a mondii and 
even to these he (Ait heavy psndukuns. • 

In the Joumd of Soienoe, Literature, and the Arts, pnhlidied fay 
Mr. John Munay, Lsfldea, in the Wmabsv KXVIII ssdXUU, 
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for January and October, 1823, there is an account or description of 
a very neat and ingenious mode of fitting up a dead beat ^scape- 
ment for a dock, given by Mr. Vulliamy, dock-maker to the King. 

Harrison'^s clock pallets (which are sometimes made to act by means 
ot very delicate springs, and sometimes by thdr own gravity) have a 
very considerable recoil ; they certainly were a most ingenious contri- 
vance to supersede the necessity of having oil put to them. Their am- 
atruction seems to be but little known, and they have very rarely been 
adopted in practice. Indeed it is a 'scapement of such a nature, that 
very few would be competent to execute it properly. The drcumstancea 
which led to the invention of it, were mentioned by Mr. Harrison 
himself to Professor Robison. ^^ Having been sent for to look at a 
turret dock, which had stopt, he went to it, though it was at a conai- 
derable distance from his home, and found that the pallets were very 
much in want of oil, which he then applied to them. On his return- 
ing, and ruminating by the way on the indifferent sort of treatment 
which he thought he had met with, after having come so far, he set 
himself to work to contrive such a 'scapement as should not give to 
'Others that trouble to which he had been put, in consequence of this 
turret docL" Hence the origin of his pallets. A drawing and de- 
scription of them shall be given in the course of this work. 

We have been informed that a 'scapement somewhat of the same 
nature as this of Harrison^s, was contrived by Mudge, with this dif- 
ference of its being a dead beat one. 

The justly cdebrated Mudge, in a small tract published in Jane 
1763, relative to the best means of improving marine time-keepers, 
suggested, as a great advantage, that of making the moving power 
bend up at every vibration of the balance, a small spring whose re- 
turning force should be exerted in maintaining the motion of the 
jbalance. See Plate VI. No. 32. and 33, and this is the same prindple 
: which some years afterwards he adopted and practised in those time- 
keepers which he made. 

About two or three years after the publication of this tract, Mr. 
Gumming contrived a dock ^scapement nearly on the same prindple 
as that of MudgeX where the motion of the pendulum wa§ maintain- 
ed by the force of gravity from two small balls, which act^ upon it 
during the time of the descent. In this ^scapement the centre of mo- 
tion of the pallets is independent of that of the pendulum and verge, 
although concentric with them ; two detents were applied for locku^g 
the swing whed teeth, one for each pallet ; froifl each of the pallet 
arbors, a wire projected in a borisontal position, and on the ends of 
these wires the balls were fixed, which were alternatdy raised up at 
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ererj Tibmioii of the pendnlam, by meftni of the action of the swiog 
wheel teeth on the pellets. In a periodical philoeophical journal, it 
is inainwatpd diat Mndge had borrowed the idea of the ^scapement 
wUdi he uaed in his time-keepers, from this of Cumming's. That 
Mndge'^s ^seapement was his own inTention, is eridcnt from the his- 
torieal fiicts which have been stated : and although there is an appa- 
rent similaiity between Cnmming's and it, yet we are not inclined 
to be of opinion that either borr o wed from the other. The *scape- 
■ent of the dock made by Cumming, for his Majesty King George 
die Thirdy m the year 1763, is of the free or detached kind, a name 
whidi was at that time not known. The improrement which he him- 
•eif made upon i^ two or three years after, was to keep up the motion 
of the pendulum, by the grsTity of two small balls, independent of 
die motiTe fiiroe through the wheels of the movement. 

In this ^scqiement, he insists on the adjustment between the pen- 
dulum screws and crutch being made so as precisely to unlock the 
swing wheel and no more. This can be only unlocked at the timet 
when the fiiroe of the pendulum in its ascent is nearly gone, and that 
die pendulum should then not only meet widi the arm of the ball, 
but receive it just before the descent of the pendulum has com- 
menced. The swing wheel must at all events be unlocked, and how- 
ever small die force of the pendulum may be at this time to do that, 
die vibrations of it cannot be so restricted MBjusi to do so : but they 
must do even a litde more, otherwise the unlodLing could not at all 
times be eflectually done : and here a kind of recoil, an evil reprobated 
by Mr. Gumming, would in a small degree ineviubly take jdace on 
the pendulum, though not on the wheds. 

In that part of Mudge's 'scapement, each pallet and detent are 
formed in one, and the unlocking takes place a considerable while be- 
fore the end of the vibration. Thus, the springs which maintain the 
motion of the bahmce are bent up, not only by means of the swii^ or 
balance wheels raisbg up the pallets so far at every vibration, till the 
wfaed teeth are bxJLed, but the springs are still a litde more bent \xp 
afkerwards, when the teeth are unlocked, and this by the sole exertion 
or OMnnentum of the balance or pendulum, which is done with great 
ftiee, soon afker the ascending vibradon begins : By this accumulated 
foeoe, the descending vibradon is greatly accelerated ; and this is one 
of die greatest properties of the 'scapement, pardcularly where a bal- 
anee and spiral spring is used ; it may perhaps be more lo with the 
pendnhim, provided that the temperature of the atmosphere be kept 
as may be to the same degree. 
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No ^MStpemeHI af^pdafs to be better calctilated tb«i thu it^ to keep 
the balmce or pendulum constantly up to the aame arc of vibratiafty 
notwithstanding its having what some have been pleased to call m d^ 
fed in the recoiling one, that of opposing the balance or pendidniB 
in its ascent, and promoting its descent. In the spring pallel ^soape^ 
mmt, as in the reocnling one, the penduhun is exposed in its aaecnt, 
and has its descent equally promoted ; bat Aere is still a difinence 
between them notwithstanding this simihurity. 

In die npmg pallet ^seapement, no retrogade motion is girai tm 
the wheds, pinions, and ptrots which praduloe tin ea% wearing that 
takes place by die rotro^e motion whieh ia gtren. tsi the wheels ia 
th^ oonuBOn lecoiling ^scapement, strongly pointedi cm% by the recoil 
whidi the seconds hand of the clock diows en thediidt aadit is eren 
obvious in that of the nbute hand. These me dtfeunstances whicb 
have no place in that of the other. In snch ^scapements as Mudge^s 
or Cumming^s, it has been said by some, and even by CumnunghaiM 
sdf, that it matters not what soort of work the dodc movement is, or 
liowever ill it may be eKScnted ; since die motion of the pendtdumis 
kept up by a finree whkb in some degfeeis independent <tf diemotiTO 
force produced thnmj^ the wheek ki the mdvebiaBa. This may be 
so far true; yet dxrw is no V?apement where any irregularity m die 
pitchings, pinions, &c. of the movement will be mere readily disoe^ 
vered than in this ; chmng the going ef die ckek, ii will be vcty pee* 
tepdUe to the ear, at die dme of raising up the baUs^ or of bendiiig 
tip die springs. We would tbeieEore by no means advise that tbia aact 
of ''scapement should be put to a movement of iadiffinrent eiecudon : 
on the contrary, it seems to require one inished in die best po ss iMe 
manner. 

The motive force put to k requires te be greater than that mhkh 
is usually put to dodcs having cither the dead beaC or the reanHi^ 
Vnqpement. It may be aeked^ whetbcr weigfate or springs aie dw 
bMt Ibr these son of 'scapementa ? This is perkqis aquesdon not eeayi 
«^ be resolved. We eonfess that springs appear to be prefimUsf 
fb^ seem to have an alertness or quickness of action, wbcm 
wmpalwd to die apparent hc«vy dull modon of gravity in dw bdla* 
iThe pivots which are: at the tfentie of motion of the pellets and belli 
irault be regarded by many as ebjecdonaUe, firom the bdief that efl 
lii necessary to diem. OH does not seem to us in the hasl dQ|^ 
Y^qilisite, oonsideriiig the very small angle of modon whidi diey woeU 
have ; and we have always tbeugbt,for the same reason, thafe ail wee 
not necessary to die pivots of such detents as wete somedmes used ia 
the detached 'scapement. To shew, that so far from the nature of a 
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MttaMd by i|Miiigt or b)^ the gtaiTtiy of btBf , <' aHo^ing 
ife iisveiiMM to Imre itoperfection in its pitehibfi or mf other {Mrts, 
• bit heeik fkid by Ibe totbor of ifie Eiemeni9 of Chck tiM WaM^ 
HuMmg^ ne, IWiil ekperiinlee, Iboiid* it to b^ T«ty much the reverse : 
Ib dodcs where every degree of care wm taken throttghfAify b6t)i iv 
tm mia% of tke pMoilff itid thrfr pitching^, to nach «o, that the 
itaal ctptficaead iiMt cMtbeai worlotai eouM not have diacovered any 
diH|f llilfl w^mdd hav^ led bitaa tiy ^ they were in the least faulty : 
]ftr tllMi see ig^oiMjlf, a t%reum9tanc^ U)Mch wa^ very ien^iNy per^ 
e#Ml iy iHi attf, tftey showed that the pallets wei^ not always raised 
^yritk^kenxoo feree or velocity, hsMng sonetiines the appeiranccf 
o««iF df not; gMAng ftdly up. Tf personificiltioii might have been af- 
hwst ta tfie dodr, in this ctM it would hate said, '' you are not M 
jfiigt eCpitebirigt, let me have li trial' of them, aiM then I will show 
yst wlMber tliiey M! faulty or not.** Ther^ eerUhily codd hav^ 
been no tool or expierimeiit better calculated or eonttived to show whAlf 
th picdiingB #eii^, dian was done by this kind of *scapemcnt ; and, by 
oar experienee Irtth it, it seemed evident that the rules in genend^ 
bUMrto given for the siae of pinions, will make them rather too large' 
adiadMer. 

Such clodu as have recoiling or dead beat Vaperoents, would con- 
tilne ID go on imperoepdUy with pinions sised in the orcBnary way, 
widbslot leading to any discovery of this nature, unless the pitching^ 
w«iB tehy in tile eztteme, and the pinions vety far oiit of site. Mr. 
ftaimiiiig asttst smdy have applied an overpowering force, for the 
gpin^- weight of his clock, otheiiitse he would not have given those 
which he has in bis Elemenft^ &c. But the wide vibra- 
which he made the pendulums of his clocks to give, necessarily 
agi^Mfe force to keep them up, and this might prevent the' 
ftroni observing irtiat we have here remarked. 
We shaD now proceed to give a description of a clock 'scapement' 
ovfte saaii prineiple as that of Mnc^s in his marine time-keepers, 
irifaft waa'pHtW ^H^^ excellent'r^gulatbr or astronomical clock, made 
Vf «B some yeafw ago ibr the Right FliMiourable I^rd Gray, and^ 
m Mk bordshiifi obs^rvntotpy* alt Kinfauns Castle. It had a' 
eedppensalllon pendiilum,aitf^itirtime of gomg without wind- 
foftjLilvffr dkys. 'iTie pivots of the great whed, the second' 
wHsd^anl^tbe swing wheel; i^erun on rollers, three being put to each' 
j/m^\ chtf pilots' of the c^tro and off the fourth wheels run in holes, 
am tto oifly^plvots in the doek to which oil is applied. 
>iilliarisilefs>wwe first «ppKed1iy 5W/y to thebahmeeinvotofhis' 
time-keeper, and have since been adopted for the same pur- 

o2 
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pose in time-keepers, by Berthoud, by Mudge, End others. Thejr 
have sometimes been used for dock pivots, but in such an injudici- 
ous manner, that in place of relieving the friction of the pivots, they 
have at last jambed them to such a degree, that the pivots could not 
at all turn or revolve upon them. 

The pivots of the said centre and fourth wheels would have been 
run on rollers also, but not chusing to go farther^ for even with those 
which were made to run so, the trial was new ; besides, had these 
two been done so, it would have required such a number of additional 
pieces, as in the end would have been truly appalling and depress- 
ing ; even as it is, there is about 500 individual pieces in the dock : 
The expense incurred would have been greatly augmented ; yet this, 
however, would have been no bar with Lord Gray's liberality, had it 
so happened. The clock has been going about nine years, and with 
a dose and steady rate of time-keeping, during which it has not le;- 
quired the smallest help, not even that of deaning. 

The dock made by us for the Edinburgh Astronomical Inatitu- 
^n, or Royal Observatory , has the same kind of ''scapement and pen- 
dulum, goes eight days, but has no friction rollers in any part of it* 
It has been going upwards of ten years without requiring any help, 
o;- even cleaning. 

In Plate VI. No. 35. S W is the 'scapement or swing wheel, 
whose teeth are cut not unlike those of the wheel for a dead beat, 
but not so deep ; P P are the pallets, the upper ends of whose anna at 
a «, are made very thin, so as to form sort of springs, which must be made 
very delicate, for if they are any way stiff, the force of the swing wheel 
will not be able to bend them when raising up the pallets* In order 
that those springs may have a suffidency of strength, and at the same 
time be as delicate as possible, they are cut open at the bending 
parts, as may be seen at No. 36. These springs come from a kneed 
sort of sole, formed from the same piece of sted ; by which sole they 
are screwed on to cocks, which are attached to the back or pillar 
plate of the clock frame. The pallet arms must be made very fight 
and stiff, in order that their weight may have the least possible load 
or burden on the springs ; a a are the arms of the pallets, as repre*. 
salted in the front view. No. 35. and are fiiUy as broad as is nece»* 
sary ; their thickness may be made much less than this. An edge 
view of the pallet arms is seen at a No. 36. The acting parts of the 
pallets at P P, No. 35. should be made of such a thidoiess as to al- 
low an opening or room to be made in them for the insertioB of a 
pece of ruby, saphire, agate, or any fine and hard sort of stone ;^ die 
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tiudmeai of the stone being somewhat more than that of the *8cape- 
ment or siring wheel teeth, say twice or thrice as mach so : Each of 
diese stone pallets has a sort of nib, or detent j (for the stopping of 
the wheel teeth,) which is left at the end of the paUet flanches, as 
majr easily be seen at the left hand paUet, Ko. 35. These nibs are 
Bade for the locking of the swing wheel teeth, and their use wiD be 
note particalarly explained afterwards. On the back of the pallets 
are screwed to each, kneed light brass pieces, c r, as seen at No. 35. 
On the lower end of these kneed pieces, the screws, dcf, are put 
through, serring the double purpose of adjusting the ^scaponent, and 
setting the pendulum on beat. The upper part of the pendulum rod 
is composed of a kind of frame, whose steel plates, A A A A, No. 
35. are represented as being contained within the dotted circular 
figure; the thickness of these ring sort of plates is seen at A A A A, 
No. 36. This frame has three piUars to keep the plates properly to- 
gether ; and though they are not represented in the drawing, yet any 
one may readily conceive where there places ought to be, and what 
should be their length or height. At e e^ No. 36. is seen on each 
side the ends of a thin steel plate, or traverse bar, which goes from 
plate to plate, and is fixed in the frame. An oblique view of one of 
diem b seen at e e^ No. 36. In the steel frame plates, there is a 
circular opening, as represented by the dotted inner circle, No. 35. 
This opening must be of such a diameter or width as to allow the 
swing wheel, and the cock which supports it, to come freely through ; 
a part of the code is seen at //, No. 36., the sole of which, F, is 
screwed to the back of the pillar plate of the clock ; the knee, K, 
tarns up, or is set to receive the pivot of the arbor of the swing 
whed ; the pivot at the other end of the arbor being supposed to run 
in the fore plate, or in a cock attached to it, and is the pivot which 
carries the seconds hand. This description of the manner by which 
die swing wheel is supported within the pendulum, it is to be hoped, 
will be sufficiently understood, notwithstanding the want of a proper 
diawing of that part. 

The swing wheel S W, and part of its pinion arbor gy are seen 
edgewise at No. 36. ; also the arm a of one of the paUeU P, and its 
screw dj bearing on the steel bar e e : At the point of contact, be- 
tween the end of the screw d, and the bar e, a small piece of fine 
Mule may be inserted into each bir : This will prevent any wearing 
or magnetic attraction which might otherwise take place if the 
screws were left solely to act on the steel bars ; as the smallest wear- 
ing here would in some degree alter the effects of the 'scapement. In 
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T^Q. 35. 3 repreaeuU it part of t]^ hf^of U^e piendulum rod, 
ifi jS^ into the Ji^wer part of the ^teel fkame ; an edge Yiev of (hi^ 
Jb^ar i? J^en at B, No. 36. At the up^ part 9^ Ae steel frame i^ 
inserted a pieqe^ c c. No. 85. 9Jf^ 36. ; in t^ piepe the penduhim 
fpu^g is $^9 wj^gse top piece ggi/es i^ a strong I»:/iS9 copk, F^ad^ 
jjp f^ljr ^^chf d either to the h^ fjf the clod^iCfifie^ |p a waVf P|: 
tQ f lai^e stf^ne p^ ; the end of ;tl^^ projecting part j9f tjl^l^ foc]^ i^ 
^n a,p D P^ No. 35. ai^d f side view .^f it at D D^ Nc^ ^ The 
l^gp piec^ 5>f ^e peff^u«]i sprii^ ]^ a long a|i^ st^x\g ^Itfl^ PM^ 
thcpu^h it> :^hich lies i^ a nptch n^a^^ a^cross pji th^ ^fff^ 9jd^ and 
prpj^^cting j^ of the pen4u,ljLun suspensipn cq^ : by this pin the 
jp^egdulup is suspended* In tl^ side <^ the penduli^n spring top 
pi(e;ce i^ a l^i^ l^ols^ made ^o as to i^dn^t freely a strong screw, ^ 
nead of which is seen at E, Np. 3.6. This screw smea to pin^ 
ih^ top piece and cock firmly together, after the pendulum hpfi h^fm^ 
made to take a trujs vertical posidop. This strong pin apd screw a|^ 
not represented in the drawing, but the description which has be^ 
ipyen^ will, it is presumed, easily supply this want In the pe»T 
iiulum spring, h A, No. 36. may be seen an open^Pgt sp as to 
)iave the appearance of a 4ouble ^ring. This opening is madi^ 
to allow the spring parts, of t^e palkts S S, to be brought 
very near together, and this at the bending part of the pendu- 
lum spnng, so that it and the beudipg parts of the pallet springs 
should be in one conunon pentre. J^ par^ only of the oocks o^ wl^dl 
the spring paUetf are acre^ed is represented hy k k^ No. 36. ; muft 
sr^ the heads pf the screws by which they are fixed ^ ^^'cse 
cocks. It must be ol^erve^ hiere, that th^ spr^ig paUeta are sp 
placed, that they should act on the lin,e pf suspension and grayitpu 
iion of the pendulum, whicji^ necpssvily brings the swing wheel to thei 
place where it is ; no verge, crutclj, or fork are required ; the influ- 
ence of the oil on the verge pivots, and the friction by the cn^tch or 
fork on the pendulum rod, tfre done aw^y by this arnmgement. "^f 
motion of the pendulum is kept up entirely by the force of'^e 9|ev^ 
part of the pallets, independent of any impediment m the wl^ 
work, so long as the wheels have force sufficient tp ra^ i^p the pajU. 
lets readily : Thu force may be considered as pern^anqif ai|d invi^ 
able, and so sl>ould be the arc decribed by the pendulmn. If 1^ 
length of the pendulum and of the^c it describes are invarii^hlf^, ^ 
should be the tiipe which is kept by the clock. Having desiribed thi^ 
parts which compose this 'scapement, it will now be re^uisit^ to sjtww 
their mode of actio;i, which is extremely simple. 



WImb iIm puaduJM is hi ta nwiiott, it will, fay mamm of «ilktt 
tbe one or the other of the screws d, unlock the swing wheel, «lMii| 
fa At Aa w imt <• i nf HiiHi d «i biiMg lockad by one of ili toedi on 
lltt flib «r detest fwt ef tho rigiil hMd pMlet, and die HMment vIms 
the irhMl is vnlodced, the tooth at the left tend piUet b ready Oi 
|viM fciwasd and miae up tlMt pallet,, and, of cewsa, it b^ds mf 
dtt opting- Let the inailajiini be sov hvooght to the light haad 
dda, the steel bar # will aieet wkb the screw d, and, oarryiag or 
fwAwg it 4m, will by this lasans imloek the enteg wheel, and aUaw 
it to eaeapa. Aa this Mlawt, the wheel tooth asootbg with the pal* 
1st at the loft head aide, will ftaee its way ow the Anch, aad vsise it 
ip IX it is stopped by the dotoat or pattat idb. |le«c die wheel ia 
locked imtil the lotaifi of die pondwhun to that aide, wheti it wilt 
sgni bo wrioekod. Froan the time of the UBlooking at the right 
head pattat, till the aame takes piaee at the left hand, the pendulum, 
daring its escunion to the right, is opposed by the spring part of 
the pallet ; and, on its astm, it is asoistcd by the same part, until 
dm pamhihim eomes in eentaet with the pobt of the screw d on the 
left hand, tioio it is again opposed in its excursion as ftr as 
dm arc k dasoaihes ; and an im descent or votum, it is assisted or 
impailed by the spring part of the pattot, in conjunction with the 
6ooa4>f gravity. In this elook, aH thsl the motiim force through 
the nboels baa to do, is to raiaa up dm patttts, by bending up the 
spmgs, and dmse, (as baa been nhoady stated,) along with the force 
of gsanty, maintain the motion of the pendulum. 

When docks of the common •oonsmuetion get feul in die oil, 
ar dirty, the ase #f Tibration fidls oiT, or is less than what it was 
when the akck was dean and ftoe. in this 'scapement, howerer, 
nimn the «lock geu foul, the fotoe of the swing wheel teeth on tha 
dstent paK of the pallets will be lessened, consequendy the whed 
wdl be aMvs easily nnlacked by the pendulum. Hence we may ex* 
paet a anmU increase in the arc of tibration ; but whether diis will 
the thne-koepiiig by making it alow, must be left to the esqm* 
nf those idm may think of prooecudng such trials It appoam 
m ns, dmt if any lengthening of the arc of ribration tdies plaae, k 
aril he equally aooelerated on its return by the greater tenaion af dm 
spring part af the palleto. A dods, with this kind of 'soapemont, 
arinch went tfairty-dx di^s without requiring to be wound up, the 
going weight twenty pounds, and semi-arc of vibration one d egro t 
analne tainntes ; on an addkion of flmr pounds being put to the go- 
ing msig^t, k brongbt the aoun-aac of vihia do n to two ndnwtas km 
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than one degree, confinning so far the hypothesis which has been ad- 
▼anced. 

Another dock* having the same kind of 'scapement, has since been 
made by us^ where the a^ustments for 'scapement and beat are 
transferred from the pallets to the pendulimi itself. By this means 
these a^ustments are not only easier made, but are effected without 
that danger to which the pallets are exposed when this is done l^ 
the screws. This mode is adopted in the pendulum at the dock 
made for the Edinburgh Astronomical Institution or Royal Ob' 
9ervatory (formerly noticed), which was put up in the year 1813.. 

The spring pallet ^scapement, which has been described, having 
neither verge nor crutch, and these being necessary where the upper 
part of the pendulum is a simple bar or rod, it shall now be shown 
how to construct a ^scapement of this kind with a verge and crutch. 

On the verge is screwed a thin piece of steel, of an anchor form, 
which has a kind of crank in the middle, in order to give free- 
dom to the acting parts, or centre of motion of the pallet springs ; 
to . coincide with that of its arbor, against one of the kneed ends 
of the crank the anchor is screwed. The place of the swing 
wheel is with the fi'ame in the usual way ; the anchor lies pretty 
dose behind it on that side next the pillar frame plate. On the 
ends of the drcular arch part of the anchor, are screwed kneed 
pieces of steel which come outside ; and at a little distance from the 
tops of the swing whed teeth, in each of the kneed pieces, is insert- 
ed a flat piece of diamond, ruby, or any hard stone. These pieces 
are made or placed so as to be in a line drawn from the centre of the 
verge ; and it is on these stones, which are in the plane of the swing 
wheel, that the point of the screws which are in the pallet tails act and 
(^ve impulse to the pendulum, communicated to it by means of the 
crutch, whose socket is twisted firm on that end of the arbor of the 
verge whereon the anchor piece goes. Two kneed brass cocks axe 
aopewed on the inside of the piUar plate, the distance between them 
may be a quarter of an inch, or so ; it is on their upper surfiuse 
that the soles or palms of spring pallets are screwed. The arms of 
the pallets should be as light as possible, and the pallets, the tails» 
soles, and springs, may all be made out of one piece of sted. 
The extremity of the pallet springs coincide with the upper surfiMe 
of the soles, and also with the centre of motion of the verge and 
anchor. 

From the nature of the spring paUet 'scapement, there is a wonder- 
fill and beautiful variety in it ; the distance between the points of 
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die acnwt in the pellet uili U limited by the etoaes of the lowed 
piecee screwed on the ends of the anchor arch. If thii distance is 
less than what it should be, it will give too much scope for the dis* 
charged pallet, when impelling the anchor, to fall more in between 
the teeth than it should do, and by this means give a small retro- 
grade motion to the tooth which is to raise it up, just at the instant 
when the opposite i>allet is discharged ; and this, unless the motire 
fivce is sufficiently powerful, will be apt to prerent the pallet from being 
altogether quite raised up, and consequently stop the dod^ • If the dis* 
tance between the screw points is greater than it should be, then the 
pallet which is to be raised up will not fall so much in between the 
teeth as it ought to do ; hence the acting tooth will pass oyer a part 
of the inclined plane, or flanch of the pallet, without any action be- 
ing exerted on it, by which a diminution of the motive force iakei 
place. The great nicety in the distance of the screw points is to 
hnye it so, as, on the discharge of one pallet, the other shall come 
dooe in on the tooth which is to receive it, but only just so as not to 
tondi it The taking out or in of the screws by a very small part 
of n torn will have a great effect in putting the clock on beat ; yet it 
seems more adviseable to do this first by the bending of the crutch, the 
^acapement being supposed previously and property adjusted in all 
its parts. In this operation, the discharge of the pallets should be 
made to take place, at equal distances, on each side of the point of 
rest ; fiir ezamide, suppose the discharge is made on the left hand, 
when the pendulum index is at forty minutes, and on the right hand 
St thirty minutes, bending the crutch the smallest matter to the right, 
will make the discharges each at thirty-five minutes ; and here the 
dodk will be exactly in beat 

The fdlowing is a scheme and description of another ^scaponenty 
contrived by the Author, and executed about two and twenty years 
ago. In Plate VI. No. 34. S W is the swing wheel, whose diameter 
may be so large as to be sufficiently free of the arbor of the wheel 
wUdi runs into its pinion : this, in eight-day clocks, is the third 
wheeL The teeth of this swing wheel are cut thus deep, in order 
that the wheel may be as light as possible ; and the strength of the 
teeth Uttle more than what is necessary to resist the action or force of 
a common clock weight through the wheels. They are what may be 
called the locking teeth, as will be more readily seen from the use of 
them, afterwards to be explained. Those called the impulse teeth, 
consist of very small tempered steel pins, inserted on the surface of 
the rim of the wheel on one side only. They, are nearly two-tentha 
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of Ml indi in heiglity and, the smaller thejr are, at nuch now toeai 
will be given to ibe tkidoieaa of the pallets. If thejr hart etrebgcli 
to support about eighty ev a hundred grains, thejr will be strong 
enough. There is no rule required fi)r placing them ffdati¥el]r to 
die loddng tectth, onlj they may as well be opposite these ieelh as 
any where dae. P P are the pallets whose eentre of motion is the 
same with that of the verge at a. These pallets are fermed so aa to 
have the anne sufiloiently etrooj;, and at die same dme as light as 
may be. That part where the arms meet at the angle at a, has n 
•teel socket made out of the eame piece as the arms, being forged 
tagedier in tine manner. The socket ia made to fit wdl on die rerge 
en which it is only trwieted ftst, and is turned pretty thin on die out- 
side, in order to allow the aibon of the detents to be kid as elose to 
the veige as may be, 'SO that their centres of motion may eeincide aa 
neariy as pessiUe. A perfeot eoincidenoe of the eenlres might %o 
obtained, by using a heUow cylinder fcr die veige, with the detent 
arbors ninning in the middle of it ; but due woidd have occasioned 
mane trouble. Yet this non-coineidence of centres has its advnntnge 
here, by die whed teeth, whUo resting on the detent nibbs, betng 
prevented from haimg any <qyposing force to die modem of the 
pendulum, which they would have, were the detents placed other- 
wise, unless the inediod was tslcen which we propose in another seapo« 
ment. That part of the pallet frame, in which is aet die stone for 
receiving the action or impolaeof die email pin teeth, is formed into 
aTectangolar ehape, ao as to allow room for a dovetail groove, ntn 
whidi die atone pallets are fixed, as may be seen at P P, No. 84^ 
and at P S. which also gives a side view of the verge at a, 
and where the socket of the pallets is seen as fixed on the "veige. 
At 6 2. is seen the outer end of one of the stone pallets made 
insh with the sted. That part of the stone pallets upon whiA 
the pin teedi act, may be seen where diey are represented in 
dieir respective positions relative to the ^n teeth. Their ahapo 
or form is exacdy diat which gives the dead beat. In thefiguin are 
aeen the detents d if, whose eentre of motion is at e o ; they are 
on their arbeia by a thin steel socket, made as finged with the 
tents, mnch in the same wqr as die pallets were, as may be seen at 
a 1. which gives a side view of one of the detents and ita ar- 
hor« The screws e e, //, in the arms of the detents, have plaeea 
made to receive them, which are more readily seen in No. S4« dmn 
in 1. and 2. The screws e e, servw for the purposeof adjusting that 
part of the ^scapement connected with the pallets, pusMng d^ de- 



ends of the screws e e, on the unlocking, are met fay th» codb of 

tbt iKme fwlbc^ me of vUrh b leproMHod at 6 & The 

f/mrm l» unjust thr lockuic of tbe wliorl toolh on iho d^ 

#^ m heoas nwlangnlar pteooo or studbp irfiicb ore find to 

tM i9fi4f pf Iht pillar fiwnt fd«to, Olid Biy bo near w i«^ 

Tbo «dt ^ihe MTwo //lost OB iIm ttdo of theoe iliidi, mod Oficoid* 

u|g#olftMjr tie note or less ofliviwl duoogb al tlie ondsof 4hod»« 

lento, 00 mvtA Itm m mmt hold wtU the detent piooos have of tlw 

tMtk Thoio haldiig pieoos of tlM detenu ore Ml wpH ooitcd a 

tk* ^nvi^i, aa ibof wovid have Qiade other parto of U rotW obscoii^ 

Tkj are made of stone, and are fitted in bj meanoof a do^rctail, ovi 

m » piece left fi»r that purpose o« the inside of the detent anu, aa 

«Bif m/Hijf \m imceived ftom the drawing, where it is rs|wwMntod m 

ppvt H $% ftod is in the Um across the arm with the aerew o» 

^IhA 10 oloor hjr the edge of the detent stone-piooe that peojoels 

^ litde fasjoad the epd of the screw. 

Hsfiag deaeribed the parts of the^scapement, we shall now eiqdaiB 
their Mide of action. On the left hand side the pin tooth is ropro* 
onrtod as having just escaped iu pallet, as may be seen ; but pro- 
wMo to ito having got on to the flanch of this pallet, let us conoeivw 
th^t the hock or end part 6 of the pallet had come in consequence of 
«|m motion nf the pendulum to that side, and opposing the screw e» 
wUdiis in the doUnt arm, pushes or carries it on with it, and conao- 
ipisntiy unhicks the wheel, which then endeavours to get forward; 
bat th« pin tooth* at this instant of unlocking, aaeoting with the 
ftn i d i of the pallet at the lower edge inside, and puahing fiirwaida 
om the flanch, by this means impells the pendulum, and after having « 
rpmpid the paUet, the next locking tooth is received by the deteni 
tm iho ii|^ hand side, where the wheel is now again locked. la 
the meantime, while the pendulum ia describing that part of ito vi^ 
bmtioii towards the left hand, fiee and detached, as the pallets mm 
WW at liberty to move freely and independently of the amaU piB 
tfrth ; ott the return of the pendnhim to the right hand side, the d». 
tc«t» by meoM of the back of the paUet on that side, is puahod oat 
fiam Wddng the wheel, and at the inatasu of unboking. the wheel 
geto fimrard, and the pin tooth is at the same instant ready to got oa 
the fleach of ito pallet, and give new impulse to the paadulum, 
s« io obvious by what is repieseolsd In the drawing. After 
the pin tooth has eaceped the pallet, the wheel is again kekod oa 
the opposite or left hand side; the pendalnro moves oa to the 
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right freely and independently till the next locking on the left takei 
place, and so on. 

It may be obBerved, that the unlocking takes place when th^ 
pendulum is near the lowest point, or point of rest, and of course^ 
where its force is nearly a maximum. Without attaching any thing 
to the merits of this ^scapement, we may remark, that the rate of 
the dock was observed from time to time by an excellent transit 
instrument, and during a period of eighty-three days it kept within 
the second, without any interim apparent deviation. This degree of 
time keeping seemed to be as much a matter of accident as otherwise, 
and cannot reasonably be expected from this, or any dock what- 
ever, as a fixed or settled rate. * • 

. This ^scapement being a detached or tree one, can at pleasure 
he converted either into a recoiling or a dead beat <me, without 
«o much as once disturbing or stopping the pendulum a single vi^ 
faration. To make a dead beat of it, put in a peg of wood, or a 
small wire into each of the detents, so as to raise them fi«e of thef 
pallets, and the peg of wood keeping the detents in the required 
position, the pin teeth will now fall on the circular parts of the 
pallets, and so on to the flanch, and the ^scapement is then to all 
intents and purposes a dead beat one. To make a recoiling one 
of it, let there be fixed to each arbor of the detents, a wire to 
project horisontally from them, about 34 or 4 inches long, the outer 
ends of the wires must be ta}^)ed about half an inch in length, pro-' 
vide two bmall brass balls, half an ounce weight each, having a hole 
Arough them, and tapped so as to screw on to the wires, the balla 
can thus be put more or less home, and be adjusted proportionably 
to the force of the dock on the pendulum. No recoil will be seen by 
the seconds hand, yet these balls will alternately oppose and assist 
the motion of the pendulum as much as any recoiling pallets can 
possibly do, and as their effect on the pendulum will be exactly the 
same, it may be considered as a good recoiling 'scapement. Tbia 
sort of detached 'scapement, as it may be so called, by becoming a 
dead beat, or a recoiling one, at any time when required, makes it 
convenient for trying Tarious experiments with these kind of 'scape- 
ments. This 'scapement keeps its arc of vibration pretty steadily, aa 
eqperienoe of it has shown. 

We shall now proceed to the description of a clock ^scapementt 
whose pallets require no oil, invented by the late Mr. John Harrison, 
who received the parliammtary reward of ^20,000 for his mariBO 
ti«e keeper, having kept the longitude at sea within the limila 
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pr fTffihfd bjr tbe act of psrHiinent, made in the rmgn of Qoeeo 
Ann. 

In Plate V. No. SB. S W ia the awing wheel, whose teeth are 
•hotter than oaoal ; on the Terge is a hrass arm, of a tort of cron and 
flat pronged fiMrm, aa may be seen at e, r, e, and at e, e, No. 89. and 
90. Qpoo thii arm are screwed two brass cocks, marked d^ d^in No* 
88l and d, in No. 89. and SO. the vpper pirots of the pallet arbors, 
as seen at a. No. 89. and SO. ran in these cocks, and the lower pirols 
in the end of the piongs. On the lower end of the pallet arbors ia 
a hnss aodut to eadi, hmring firaedom to move easily in them, and 
also a proper end-ahake between the piongs and the pallet arms. On 
that end of each of die sockets nemt to the pallet arms, is rivetted a 
thin piece of brass, the piece on the socket of the driving pallet being 
shaped, aa seen at A A, No. 88. and 89. and having two holes in it» 
one ofthese holes has a range limited by a pin fixed to the brass arm 
Asm the verge ; the other hole, which is at the enter end, allowa 
lange to a pin which is fixed to an arm on the pallet arbor, as may 
may be seen at A A, No. Sa and A A, No. 89. The piece of bram 
en the socket of the leading pallet arbor is shaped, as seen at A J^ 
No. 88. and SO. having a tail which comes to rest on the outer edge 
«f the cock d, after being carried a little way by the motion of tha 
pallet; at the outer end at A, is a small brass screw, serving as a 
eonnterbalance to the opposite arm or pallet hook. In this pallet 
arm is an opening through which the swing wheel comes, as may be 
ascn at /, Na 80. the arm at the other end being filed thin down, 
having a sort of shoulder on it. A B, No. 88. is a stout piece of 
fcnea, rivettad or screwed to the verge collet ; c c, is the steel crutch 
having another arm which comes up on the inside of the piece of 
brass ; die ball, or palm of the crutch is kept to the verge collet, by 
a aort of spring cdllet which has two screws outside, and through to 
the verge collet, the crutch having liberty to torn on the verge. The 
piece of hnss A B has two short knees turned up, having a hole 
lapped into each to receive the two screws s a, whose ends bear on 
the upper aim ef the crutdi, and serve to move the arm to one side 
er die other, so as to put the pendulum or dock on beat ; p p is a 
pieee of hard wood, (sudi as Ugnumvitse, or green ebony,) put on 
the lower end of the crutch, having an opening in it, to clip, or take 
in with the middle rod of a gridiron pendulum. 

The parte of this *scapement being described, it now remains to 
aqdain their action. The tooth of the swing wheel which baa hold 
ef die hook of the leading or right hand pallet, carriea it on until aan*^ 



t06 TO XXBF mih AT GKOWV WUJCSX. T£KTX« 

tfiev t#(jth meets with the book or notch at the ead of the tkiTvag 
pallet ann. When this takes place, the wheel is made to recoil a 
Side back^ and at tUi intftaiit the hook 6f thtf^teadiiig pUlidt gets free 
of the todth, and h made to rtfto dear off the top of it» by metaa of 
die cDimldfbalaiiciB^ of the brass arm* and the serew Jb at the end of 
it The toodi df the wtrmg wheel whidb boa now got inHof thr notdl^ 
al^tha end ef the Animg piAet amsi ctmibtk fl^wtaHi nhtil teoth«y 
loolh, meeting with tbt hook itf the kadUitt^ pall^, caoseB the wbeei 
$lpm ta rocNMl. Thas allows tbe notckf of ibe deiTiiig pdlel 16 goi 
ftat of tbe toothy and die beasa pieee irtiidir i* oii tlie pnlM 
dowu tiU it domes to test on tbepitiyin tbebma or^aa pteooy maki«§ 
Ite^pidkt iK>fad» get <yttito dear c^ the top of ttii<l toiith) aiid aaoii 
Thcrie is a* great deal of ingednity dispkjred in die oonlfcvrattce of tUi 
^jt^aipeminiif jet the ucfe and ticklidi bdandngof the poUetsoceasioiia 
aomo degree of undeitainAy ifei their eperatioDa;> arid wbedier the 
gpeit recoil which k baa may not be againsi the timfhdqiiug 
of the dodiy rettunna yet to be pwyired^ MVtb it thia 'acapement 
iftftdocbef Hiimson^a^ at Tm honae itt Ontng/t Stiect^ef ^beaa 
gOiig^iMv- Shorti sai^ '' Thithe eoiild deperid on k ttrimr MOMd 
i» e^nioMlA^'' and ^ tha^. it had bteii g^iugU^ ttmttMk yeva) M tUa 
a*Bf" 

; Ne« SI. is a' aefpnent' of a awii^ wh^y da part of one, whecia the 
MMkaoe^made so'a««to'b^ theoilconstantlytd their points. Itia 
vttt known diat oil irf Tery apt Ut nte- dewlr firont'die pointaof awhi^ 
nfcod feeddi, espedalljr those ii» th^ common rteoiUtig 'scapemnnt^ 
Hbere diey ate for tte molt parf rather tbin* Md shairp. 
I The' teeth proixised hertt, after bein|p eiit-onr the engfaiey hare tUi^ 
poinle fonied sontewbiat like anr epiey eloidv and dose below H n ainall 
h4leiiiidnttedfieiti badktb fiitat) wi4b onrof tbe AnalMt reond 

• 

fiiei^aiboQotr k n^adeacrose the front of ttd toothy keepmg die hole 
Midler OR the nppes pert of the hottefw iiihk hok sheuULibedunnikfed 
el little atibodi endii^ and a broedvpnl^tbeougb'sd asr todeinlk, • iw- 
daed^if aiholek'sade not far from die pointeof- tdeth im cJinnwd 
atring. wheela, k wiU beep dio'eil to* tbem';^ Aey dmihUf hmrr^egende 
aonndkig.affv wbkh will be of ikltaatagdLi 

: Thk achente anawerathe end proposed -^xtrtoMy^ wAli;i.'tha taadi 
ateiee the? oil along mih Aaat during dteb aeting. darthe pdlodi; 
and on leaving them takde k awiqv. J^ ie Jbo^ef oHy ^eaari ^ideir e« 
aeggeataditbiaifbtit had sMiebew ^vwlaoked it,^ tiH*bakig:latei)^ re- 
atiidad of itf b]i enfar^rfm had aueoeiifUij p^ 
diiaUetimo agivhe hanFilq|ga*'die«binfrfiem*ao^ pebplk 



MiiCtioM bow to 8i up A ^totpeMenl for an istioioiMail dock^ 
when gnnriljif sadellMiiinpeUiiig force lo the peBdulttm, and wbeeo 
ihm iafliiac* of htfut $mi cold eta liATe bo pbeOf m in tho oite iC 
ipring ftUti^ tnd wliero the pwdidnai it gMyniWid bjr b tpring. 

Lei a piece of £m cast aieel be ptepamU ftoa wkidi a hoUow cjr- 
Inadv caa be aMde» the lenglk thfte inchea, or it mmy be neat to • 
^■ariar of an incfa mere* the ontside diflneter foea-tencba of an inchf 
d» iHide about tbaee-tcmbt or ao ; bruig tnUj toned en the one* 
after it it wdl tniahcd in the inaide, it aMjr then be haidenedi 
eeftrbennghtbeck or letdovn, that * good fik atay beowdle 
opart of It to adnit^he detent er pallet aibeai: Aahertpaitof 
e^Mqder ie left whole at the endt for the porpeio of hani^ bnoi 
capper phigi fixed in them; it ie in there plugi that email pieeee eC 
am put, en the outer ende of which are turned the pivote of the 
ae it Bijr be called. The cylinder, ee for ae it is deeorihed^ 
be eeeaid Fhite VIII. Na 4a. ▲ 1, AS, ie an edge viewof • 
wUeh ie aerewed on the inade of the piUnr pletOp and ▲ 1^ 
▲ 9^ k a flat nrwefit,ae if the kneed part war mode stnughi ; oia 
Ikmvfpm wmbm er part A 1, are ecrewed two email oeeke c, o» ha«» 
i jeweDed hide in it ; c S ie an edge or eade view of theen 
codB% die pcfote of the pallet arbor a run in theee jewelleA 
koiea, ft ia a eochet formed en one end of the peUet anD» eerrui^ 
to twiet it on the arbor a. The main cock widi the einell cocki 
ee Burnt be ee pieced aa to have the line of the arbor to coincide 
with Ae dected line lepreer nted in the cylinder aa iu eentreL Ane* 
ther main oe(i, the aame aa A 1, A 8, ie screwed on the in«de oC 
the fo repi ale of the dock frame, hering amell oecka on it^ in whioil 
n peiet arbor, and pallet arm aecket twieted on it; ihe line of 
aebor muat be made abo to coincide with the line at the centre 
of Ae ejrtfaidery taking up the vacant qpece aa seen in the dmwk^ df 
die cyfinder. The small cocks which are at the crTirenieat BMet be 
fine ef Ae cyMnder inaide, and of the pli%a in the ends of it ; thoee 
in tim noddle may be placed aeneer to each other ae may be; one of 
the pbgs to hswa a round pnrt emnde di the cylinder^ turned ee 
aa dmt Ae crutch may be twialed en ilf and yet n small degree of 
ii n tliing» when brought to ita positien, eheidd it be found neceasary. 
S 8 repieamls Ae swing wheel; T T T is a aort of anehof 
It book te il for the purpoee of twieting it on to the cylin- 
Thia anchor ia bren^ np pretty ckiee to Ae plane of the 
evingwfaeel; thecn should be e screw in the upper pert of Ae hook 
ta foe it 10 dm eyhndsr. At dMt pert of the anobor reprcMnted bf 
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the segment of a circle, T T, are pieces kneed up, and screwed on 
at the ends, an edge view of them is seen at k, Ai^d extending . 
equally on both edges or tops of the swing wheel teeth, and some- 
what beyond them ; in these kneed up pieces is set a diamond, or a 
bit of any hard stone, against which a screw in the tails of the pal- 
lets act ; jE>p 1. represents one of the pallet arbors and its arm, and P, 
one of the pallets with a tail to it, in which is a screw, the aid of 
which comes outside the anchor knee, acting occasionally on it; 
p j9, and P 2, is a side view of one of the pallets and its arm. This 
part of the ^scapement and its paUets are a near representation of 
what has already been described ; the action of which being under- 
stood, will easily be applied to this, as it is as nearly alike in both m 
may be. The pallet arbors being placed in this manner, are in- 
dependent of the motion of the verge and pendulum ; and in its 
vibrations, however much the teeth of the swing wheel may preaa 
on the detents or nibs of the pallets, the motion of the pendulum 
cannot be aflPected by it. The arms of the pallets, one of them pard* 
eularly, wiU require a kind of crank part in it, in order to bring the 
pallets into the plane of the swing wheel ; and with the acting part of 
the anchor, a hollow must be made in the upper part of the anchor^ 
to give freedom to one of the pallet arbors. A small weight is put be- 
hind each of the pallets, and adjustable, so as to impress more or lev 
force upon the pendulum. 

The pendulum to this clock is proposed to be hung in a frame, con- 
taining friction rollers for the pendulum to vibrate on, such as have 
already been described ; and, if all the pivot holes are made in plunk- 
bago, it will supersede the necessity of applying oil to the pivots : The 
pieces of plumbago should have a slight roasting, so as to dispel anj 
sulphureous matter; otherwise it would show itself, by makiiig 
the frame plates of a dull yellow or brownish colour, round where 
the plumbago pieces are inserted. 

Having, in our poposed 'scapement, adopted gravity as the main- 
taining force to keep up the motion of the pendulum, it might be ao 
modified as to do this and no more, allowing its natural influence to 
be as wholly on the pendulum ball as may be. If we use the verge 
and crutch with an anchor on the verge, the distance between the 
kneed parts at the ends of the anchor arch, which discharge the lock- 
ing of the swing wheels may be made so near to each other, that from 
the return of one pallet, after impelling to that of disenga^g the 
other, the pendulum shall vibrate freely and independently of every 
thing for the space of two or three d^ees, the whole arc being sup.- 
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poeed to be friir ; that ii, two degrees on each side of the point ot 
ml* In this mode of the ^scspement, there must be limits or bank- 
ing for the pallets to stay on, from the time of the pendulum leaving 
lliem, and during the interim, tiU the return ; this might, with some 
propriety, be called a detached ^scapement Perhaps, during the mo- 
taon of the pendulum going.through an arc of half a degree only, it 
mghl be gnring too little time to discharge one pallet, and raise up 
the other ; but this is the proportion required for such a modification* 
If DO verge and crutch are used, the length of the segment, or piece 
fised on the pendulum rod for discharging the swing wheel, may be 
■uide 80 as to discharge it, and even allow the pendulum to vibrate 
fiiedy fixr the space of two or three degrees. Should thirty-five mi- 
■mCes of a degree b^ found too little, perhaps it may he practicable to 
disckarge and ratse, through an arc of forty or fifty minutes ; but, 
even to do this, will require a considerable force. But, supposing the 
diachaigie of one pallet or detent, and the nusing up of the other, 
could be done in the course of the pendulum swinging through one 
itgnt, the force required to do so cannot be little : this would give 
to every vibration an arc of two degrees to swing freely through, and 
while detached fVom every thing else. It may be observed, that the 
whole time given for the swing wheel tooth to raise a pallet up, may 
be taken from the discharge on the opposite side till its return there, 
which would be the double of one degree ; and here a less force may 
be required to raise the pallets up with the small weights attached to 
tbem than it would otherwise do. 

In m Vapement of this kind, where an anchor on the vcr^c is 
nsed, the disdiarging of the swing wheel from its locking takes place 
at 34 minutes of a degree beyond the point of rest ; during the time 
diet the pendulum swings through an arc of one degree and 26 mi- 
more, the swing wlieel has got the pallet on the opposite side 
and the time before it can be again unlocked, the pendulum, 
in Rtnming, must swing through an arc of two degrees 34 minutes. 
The finrce required to keep a pendulum in motion, will depend on 
Ae weight of the pendulum ball ; half the force will keep a pcndu- 
Inm in motion, whose weight is only 12 lbs., that will be required to 
ke^ one in motion of 24 lbs. 'Scapements in general have more 
fine than is necessary to keep the pendulum in motion : and where 
thb b the case, it must, according to the nature of the ^scapement, 
be cither retarded or accelerated,— of course, the pendulum will not 
be. so much under the influence of gravity as we here wish to pro- 
Let the flanches of the palleU be made so as to subtend a 
angle, they will then, with the small weights attached to them, 

p 
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be oMier raifled' up ; and having a little way to desotnd and impale 
the pendulum, the ferce may be made suffident to keep up the hkk 
tion, and yet leave a great part of it free ai|d detached, and, aa it 
were, wholly under the fbrce and mfluenoe of graTity^—- • fixroe that* 
must be very um£ann and conataa^^ 

Some idea of the expediency of allowing gravity to aoifit itself m 
much as possible on the pendulum, may be taken ftom what waa ob- 
served in our operations with the spiing kind of pallets, by dMiwing 
the diflerent effect which thqr had on the motion of the pendukimy 
according as the springs were set strong, or less so. When they had 
somewhat of strength, they made the pendulum to vibrate a semi^ave 
of about 3 degrees 10 minutes; and here the clock had a tendenejF 
to gain a few seconds in the day ; setting the strengdi the smaUast 
possible decree weaker, it gave a semi^avc of vibration of about 1 d^^- 
gree 50 minutes ; with the shorter are, the clock ought to have goam 
fester than it did befere, whereas^ on the contrary, it went dowcv4«^ 
die influence of gravity being more disturbed in the first case thaa 
in: the last. It is jnobable, that where the motion of a pendulnii i* 
kept up by a force just suiiici^it to do so, and no more, that the pea* 
duhim, in this case, wQuld be more readily affected by changes m the 
density of the almoqphere^ than it would be were the case otherwisa ; 
yet there appears to be no reason here that we should interfere witii 
the influence of gravity on that account. 

When the ball of a gridiron pendulum rod should happen to he 
rather light, the performance here will not be so equal or so steadjf 
as with a heavier one. Indeed, the weight of the ^itire pendulum 
should lie as much as possible in the ball itself, that ii alone mqf 
have all the momentum, or force of motion. Perhj^Ms the rq^vlaii* 
ty of some clocks, which have pendulums with a wooden rod, besidsa 
having little or no variation in length from change of temperaUnPi^ 
may owe a great part of this to the small proportion which the weiglft 
of the rod bears to that of the ball, — these rods for a second^s pendil- 
lum being sddom much heavier than an ounce or two; wJ^reaS) in 
some omipound pendulums, the parts composing therod wiUamooaft 
to two, three, four, or even five lbs. — In a Treatise oh Meehankm^ 
\^ Dr. OUnthus Gregory, VoL II. p. 38a Plate XXIX. Fig. & a 
description is given of a very niop gravitating ^scapement of Muc^ell 
contrivance. 

The pfopertiesL cS a good ^scapement are, that the impelling ftiet 
should be applied in the moat uniform and direat way, and witl^ At 
leaat fiiction and loss of motive poaier ; that it requires little or af 
oil, and-Uiat theosdUationa of -tba. regulator, whether it ia a* 
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Inm or t biljaice, be mait in as free and mulistiirbed a mcnner ai 
pamStie. The nice etecodon r eq ui red in a 'scapement, whether 
fiyr a dodc or a watch, fo rmer l y engrossed to nroch of the atten- 
ticm of workmen, that they, in some measin« lost sight of the pro- 
perties of the pendnkm, as well as that of the spiral or balance 
qnring, and thought that the dme-kceping of their machines de- 
pended more on die ^soapement than on any other thing, without 
oMiafdering that theregolarity in time-keeping lies wholly, or almost 
so, in die pendnlnm and in the spiral spring. Berthoud imputes a 
nocioii like this to Harrison, for attempting to make the ^scapement 
in his time-keeper, so, that the long and short vibradons should be 
made in equal tfanes. Whereas he says, *^ he ought to have looked 
fiir dds in the isodironous p r op e rty of the spiral or balance spring. But 
this property (he adds) was unknown at that time to the EngUsh ar- 
tiats, and was a discovery of those in France, firora whom the £ng- 
liali artists afterwards obtained it/ If this had been the case, how 
Sd it happen, (and that too $o long before the period when Le Roy 
amd Berthoud disputed^ each claiming the merit of having first 
made the dieeacery of this property in the spiral springy) that 
Madge should have mentioned in his tract published in 1763, *' that 
die pendulum, or balance spring, from physical principles, made the 
bahmoe perform the long and short vibradons in equal times ?*^ He 
learned this from Dr. Hooke*s works, with which he was well ac- 
quainted ; for this property of springs was known to Dr. Hooke, and 
pobtad out by him upwards of an himdred years before Mudgc publish- 
ed his pamphlet It is but too true that few or none of the English 
artisCa appear to have been acquainted with these properties till very 
laidy, though Afr. Mudge had adverted to them so long before, and 
though they were contained in the works of Dr. Hooke. LciMute^s 
book was published at Paris in 1707 « ^^^ '^ ^^^ °^^ contain the 
moat distant hint of these properdes of the balance spring ; hence 
Aey were not known there at the time Lepautc wrote, otherwise he 
would have mendoned them, being a man of genius and of consider- 
alle research. It was about this time, or soon after, that the dis. 
potea commenced between Le Roy and Berthoud regarding this sub^ 
ject 

Watch-finishers always made the pendulum spring for the watches 
of dieir own finishing, while, at the same time, knowing nothing of 
its properdes, the general practice was to taper them, so that the 
coik, while bending or unbending, should preserve an equal distance 
with one another ; and this method has been used ever since the ap- 
pliciti<« of the spind spring. Those who finished watches for Mudge 

sad 1>atlon #m n^Vef employed to make the pendulum spring: Ms 
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wu always done at home bj either Mudge or Dutton tbemselvesy 
who, no doubt, endeavoured to make them as nearly isochronous as 
possible. This, among other causes, perhaps, gave their watches 
the celebrity which they at that time so deservedly acquired. 

As we shall soon be on the subject of remontoirs, the following 
history of them may not be impertinent : — The pallets of the ^scape- 
ment at the turret dock in Greenwich Hospital are sud to have 
been contrived by Mr. Smeaton, dvil engineer. The following 
narrative will so far show how he came to be concerned in it. It 
may be observed that he was at this tame one of the Commissioners 
of the said Hospital. 

The turret clock whidi is in the cupola of Greenwich Hospital^ 
was undertaken by the late Mr. John Holmes, watch-maker, Lon- 
don, and executed, under his directions, by Mr. Thwutes. But be- 
fore any thing was done, Mr. Holmes consulted two gentlemen, veiy 
intimate friends of his ; the one was the Rev. Professor Ludlam of 
Cambridge, the other Mr. Smeaton, both of whom were eminently 
qualified to give such advice as was wanted in this business, not only 
about the ^scapement, but how every part of the clock should befitted 
up, so as to insure safety and utility in its performance. Several veiy 
long and masterly letters (of which we have copies* though none of 
the originals were ever published,) passed between them on this occa- 
sion, and evince much ingenuity. They agreed that the ^scapement 
should have a recoil. Mr. Smeaton recommended that the pallets^ 
in place of having planes, as was common for their acting parts^ 
should have curved surfaces,-^the leading pallet being concave, and 
the driving one convex ; and when the pendulum was at or near to 
the extremity of the vibration, the ^scapement should then be nearly 
dead. This was, he said, what ** oldFather Hindley at York had ulti- 
mately come into.''' Professor Ludlam advised that the swing wheel 
teeth should be thick and deep, and of such a shape as to roll on the 
pallets, and not to slide on them, which would prevent biting or 
wearing. The pallet arms were of brass, made so as to put it in the. 
power of the clock-maker to take the pallets very easily out, when re- 
pairing was necessary. These methods had long before this be^i 
used by Harrison, and were adopted in a clock of his in Trinity Col- 
lege, Cambridge, as mentioned by the Professor. Broad rubbing 
surfiices were strongly advised by them. Mr, Smeaton^ at this p«- 
riod^ took away gudgeons from a mill wheels whose diameters were 
only two and a half inches j and put others in their place ofeigfU 
inches, with great success, as it afterwards proved. On the same 
principles which bare just now been mentioned, was the ^scapemeot 
made for the doA which the author pat up in St. Andrew's church. 
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£diiibiirgb ; and although it has been going ire// an to forty jean, 
diCM is not yet the smallest appearance of biting or wearing on the 

'^Scspemcnts have been divided into classes, one of which has been 
called dial of the remanioir kind. Now the mechanism of a remon- 
tmr may be applied to any ^scapement ; and even then it can hardly 
be said to form a part of it, more than the wheels of the moTement, 
or the weight which impels them. 

The motive force, passing throogh the wheels, may at times be un- 
equally impressed upon the 'scapement, either of a clock or a watch. 
TUt idea gave rise to the invention of what has been called remoiu 
tain ; that is, that the movement should at intervals be made to 
wind up other a smaU weight, or bend up a ddicate spring, which 
alone should give its force to the ^scapement, by which means the 
pcadhifaun or balance is supposed to be always impelled by an equal 
and uniform force. The eariiest thing of this sort was used about 
the year 1600. Huygens applied it to some of his clocks, and 
a description of it in his Horologium (hciUaiorium ; and Har- 
had one in the marine time-keeper, which gained him the great 
levard. We are of opinion that they are of no great use, either to 
a dock or to a spring time-piece ; for if the pendulum of the one b 
wdl fixed, and the momentum of the ball is not too little, any small 
iaeqiialities of the motive force through the wheels will hudly be 
pereeptiUe ; and in the spring Ume-kecper, the isochronism of the 
pendulum or balance spring is sufficient to correct any inequalities 
whatever in the motive force. As their mechanism, however, is cu- 
rious, and has been rarely described, it may not be uninteresting to 
dM leader to have an account of it, and also such as would enable 
Am dock-maker to construct and adopt it, should be think proper. 

The one which is proposed to be described, is that which we con- 
trived for the dock in St Andrew's Church, Edinburgh. Suppose a 
aaall firame, separate and independent of the dock frame, to contain 
two wheels, one of which is the swing wheel, the frame having within 
It the 'scapement work also. The other whed is crossed out so as to 
he voy Ught, the rim bebg left just so broad as to admit fixing on 
it Mven bleed pieces or teeth, each about a quarter of an inch thick, 
and half an inch long» three of whidi are on one side of the rim, and 
on the other side. Three on each side have the knees of dif- 
heights, corresponding each to each ; the fourth is a little 
higher than either of the third highest. The wheel on which these 
fixed has a tooth prolonged beyond the rim, of the same thick- 
aad length as the others, making eight teeth in aU, having a 
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nnall space left between each. These teeth become as it wfve so 
many wheels, but in different planes, and are at equal distancea firo^ 
one another, with the same extent of radius coming to the centre dT 
the swing wheel arbor, being just so much larger than that of the 
swing wheel, as to allow the swing iribed teedi t^ das dif asbsr of 
it. The edges or sides of the teeth which rest on the swing wheel 
arbor are planes, and rounded off on the opposite sides to the point 
or angle formed by this plane. The arbor of the swing whed has 
eight notches cut into it a little beyond the centre. These corre- 
spond to the eight teeth of the other wheel, and are sufficiently wide 
and deep to allow the teeth to p^ fireely throiigh them« Each n^ldh 
stands at an angle of 45 degrees to the one which is ne^t it, whkb 
difference is continued along the arbor, through the whple, making 
360 degrees for one reyolution of the swing wheel. On each of the 
arbors of these wheels, is fixed a pulley, bavipg a s^piare bottom, ia 
which were set ten hard tempered steel pins, a little tapped, sotne^ 
thing like the pulleys at the old thivty-hour docks, but die bottom of 
which was a roimd groove in place of a square. The pendulum was 
fixed to the wall of the steeple, as well as the frame eont4iBing tke 
''scapement work, and with the apparatus which has been described. 
The arbor of the eight-toothed whed had cne of its pivots prdcoiged 
with a square made on the end outside The dock frame epntaining 
the movement was in the middle or centre part of the steeple, and a 
pinion in it, which represented or had the place of the swing whed 
pinion ; had one of its pivots also prolonged and squared outdde; 
these squared parts of the pivots were connected by a steel rod, aind 
Hooke's joints. The main weight of the dock being put on, rndst 
urge not only the wheels to turn, but also that wheel having the kneed 
teeth ; and some one or other of these teeth pressing on the arbor tf 
the swing whed, they cannot turn, consequently pone qf those in the 
large frame can turn, nor can the swing whed torn here, unless aame 
other means are used. An endless chdn was provided, and passed 
over the two pulleys fixed on the whed arbors, and through two ecMV- 
mon pulleys, to one of which is hung the small weight that is to Imm 
round the swing wheel, and to the other a counter weight. The 
weight which turns the swing wheel has its force applied on that side, 
so as to make the whed act properly with the pallets ; now, while 
the swing wheel is turning, the pendulum being supposed in motion, 
one of the other wheel teeth is gently pressing on its arbor. Whili- 
ever this tooth meets with its own notch, it will, by means of tfce 
main weight, be made to pass quickly through it ; while ptteahig, 
the small weight is wound up a little by the ssaiu ooe ; th0 
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iag UMh iben iM^li^g widi die swing wheel arbor, reeto on it for a 
ffoaaUr of a WBOtt^ till iu notch conea about ; it then pasaes in its 
tatm^ and lo on* The swing wheel makes a rev(dution every two 
minutes, in which time the wheel with the eight teeth makes also one 
The minute hand, bgr this mechanism, at the time ofonjf of the teeth 
foedng through the notches^ makes a start every ^piarter of a mi- 
note; and at evierjr such paseingi the small weight, as has been stat- 
ed, is wound up a little by the great or main one. After the clock 
had gone a considerable time with this, it was found that the kneed 
g0t a little swelled, or staved up, on their paru of rest, by the 
•f the main w«ght, which made them fidl too rapidly on the 
«wing wheel arbor. 

To remedy this, an endless screw wheel was pat on the arbor of the 
TCBontotr wheel, or wheei with the kneed teeth^ working into an u]^ 
li^bt andless screw, on the iqiper end of whose arbor was fixed apret- 
tj laige fly, in order to lessen the velocity of the remontoir whed» 
aBisd Buke the kneed teeth fidl gently on the swing wheel arbor. This 
Iw^wd the swellii^ greatly, but did not oitirely prevent it taking 
phetf though it now came slowly on, and existed in a less degree 
The andless diain had also a tendency to wear fast : in consequence 
of tlBa, and no provision being made for the swelling of the kneed 
teeth, which might have been done in some degree, by making tha 
■otcbas on the swing wheel arbor much wider at first than was requir- 
ad Ibr tham when newly finished and first applied ; this part of tha 
rsKMiioir was taken away, and the rod with Hooke's joinu was put 
an tha aquart of the pivot of the swing wheel arbor prolonged on the 
wutaads of its frame. These matters being previously guarded against^ 
it mi^ be well finr some artist, in future, to try such a retnontoir. 
During the fi>ur years it was in use, the clock went uncommonly well, 
and was the admiration c£ all, and particularly a gentleman who lived 
opposite the church, who was an amateur in hordogy. One of our 
asen who took an interest in this deck, said it did not do so well after 
tha ranontoir was taken away. This, however, may have been more 
awing to a change in the position of the weights, than to any thing 
claai oocaaioned by a chime of eight bells being put up in the steeple. 
For tha waights, m pkce of having their natural fall, were now car* 
liad a grait way up in the steeple above the bells and clock, in order 
to fidl down again ; and here a complication of rollers and pulleys be- 
raqniaite. 
A adiema was made out, to make the rewinding by a spring, in 
to get rid of pulleys and the endless chain, but being a thing 
\ nwwiaa Mkaljr ta be adapted, it becoases therefore unnecessary 
la dssrails k. 
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We observe a model, something like this, has lately been given in 
to the Society for the Encouragement of Arts, &c. by an old and ex- 
cellent workman of our own bringing up. See Vol. XLII. of that 
Society^s Transactions. 

This clock was put up in the beginning of the year I788 ; after 
going till August 1796, being eight years and three quarters near- 
!y^ it was taken down and cleaned'; during the period it had been go- 
ing, two sets of pins in the rewinding pulleys were nearly worn out. 
The endless chain seemed also to wear very fast ; in short, the re- 
winding part seemed to promise much, but being liable to so many 
accidents, frequently causing the clock to stop, from these parts 
wearing so fast, it was thought proper to take it away, and to connect 
the swing wheel arbor with the pinion which ran within the main 
frame ; for this purpose the swing wheel got another arbor, with one 
of the pivots thick and prolonged outside, so as to have part of it 
squared ; between it and the square part of the pinion in the main 
fitime, a connecting rod with Hooke'^s joints was put, by this means an 
immediate communication took place between the main frame and 
the swing wheel, — thus removing all the accidents continually attend- 
ing the rewinding part. The clock nevertheless seemed to perform 
very well ; the pendulum being firmly fixed to the wall of the steeple» 
certainly contributed not a little to this. 

After this alteration had been made, the arc of the pendulum^s vi- 
bration increased very much beyond what it was before ; in order to 
bring it back to its former arc, it was found necessary to reduce the 
going weight considerably. Does not this say that much of the force 
of the main weight must have been taken up, in the rewinding of 
the small weight which carried the swing wheel forward ? May not 
this be the same in all cases, where a rewinding part is introduced, 
such as in Harrison's, M udge's, Haley's, &c. ? They are all on the 
same principle, only differently modified. 

It must be confessed, that in the apparatus of rewinders, there is 
an appearance of their giving an equal impulse at all times to the re- 
gulator of the machine, whether it is a pendulum or a balance ; in 
our experience with them, they have always been found so far useless, 
that there seemed to be no possibility of keeping them constantly to 
their purpose. Having in one instance applied to a spring time-piece, 
a rewinder made aflter that of Haley^s, and notwithstanding a con- 
tinuance of repeated trials, and every thing done in order to make 
it do what was intended, yet, after all, it was at last found requisite 
to take it away. 

It is singular^ in all their correspondenoe with Mr. Holmes, neither 
Smeaton nor Ludlam ever once hinted of applying a rewinder to the 
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timet dodc, which at that time was in hands for the Royal Hospital 
at Greenwich^ seeing the great anxiety they displayed to have it as 
complete as possible, they surely were not ignorant of the mechanism 
of such a thing; Lndlam in partictdar, who had been appointed by 
die Board of Longitude, as a man of talent, to take from Harrison 
an explanation of the mechanism of his time^kecper ; they must ha?e 
known something of the ticklishness or fitUibility of a rewinder, or 
perhaps they thought it of little or no use, so far as regarded the 
making of a strong and sound clock. At the time we were making 
up the clock for St Andrew'^s church, Mr. Holmes rery kindly sent, 
for our information, the letters which Smeaton and Ludlam had writ- 
ten to him» when he was engaged with the clock for Greenwich Hos- 
pital : it must be allowed that they are invaluable, so far as regards 
the making up of turret clocks. The late Professor Robison having 
got a reading of them, was so highly pleased, that he took a kind of 
i n t e res t , and entered into such ideas as he thought might improve 
the dodc for St Andrew's church ; among other things, he suggested 
that of a rewinder. He had been talkbg to the late Dr. John Hut- 
ton, and the celebrated JameM Watt^ of our making up the clock, 
and in a note sent, says, *^ They have just been with me, and have 
a s smcJ me, that the transparent black gun-flint is of prodigious 
hardness, and takes an exquisite polish ; the white flint is not near so 
hard, and the dull black flint is gritty. Mr. Watt advises to make 
the swing wheel of hard steel, or toughish bell metal ; because, aU sort 
of metals, such as brass, take hold of the dust and other grinding mat- 
ten, it stidu fiwt on their surface, and hence will cut the pallets. 
He also disapproves of friction rollers in the dial-work, because, when 
out of order, they cannot easily be got at to be repaired. He recom- 
mended a slip of thin tanned leather, soaked in oil, not linseed, be- 
tween the hour-hand socket, and the minute-hand rod ; it keeps out 
aD wet and dust, and will last forever, even under very great pressure, 
as he has experienced in M$ Engines."^ 

Professor Robison was deservedly allowed to be a very able philo- 
sopher, and may be considered to have beep more or less an adept 
in all the sciences, but perhaps had not that experience with clodu 
whidi Smeaton and Ludlam seem to have possessed ; indeed Smea- 
ton was bred a dockmaker with the celebrated Henry Hindley of 
York. 

Noiftiihstanding Mr. Waif a Observations^ the swing wheel 
was made of very fine brass, and the pallets of sted very hard 
tempere d , and, afier going nearly forty years, there is hardly 
any ap pe aran ce of biting or wearing to be seen on them, as has 
already been stated ; it is true that the ^scapement work and its 
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frame, were inclosed in a wooden box, in t>rder to prevent 
dust getting to it. It was never in our contemplation to use 
friction rollers to the dial wheels ; they are however fitted up in such 
a manner, that neither the hour wheel sodcet, nor the rod of the mi- 
nute hand wheel, can tend to pinch one another in their end shakes. 
A piece of leather, however thin, could not well be introduced into 
the hour wheel socket ; leather might have been put into the socket 
Mi the centre of the dial where the hands bear, though with no great 
^pressure, chiefly on the hour Iftuxl socket ; but the motion is so very 
slow^ mald^g one revolution only in 12 hours, that even here leather 
was hardly nocessaiy. 

Having said so much about rewinders, we may give iBcrthoud^s 
ifHnion of them, after giving the description of the ^scapement con- 
trived by Mudge for his time-keepers. He says, ^^ The combina- 
tion of this ^sc^iement must appear seducing, yet it is to be suspect- 
ed, that a mechanism so complicated, and whose effects are so nice, 
cannot be easily put in practice ; for it requires an extreme precision 
of execution to make its performances sure, such as the stopping of 
the balance wheel teeth by the nibs of the paUeU ; also to make 
their uwWe coincide exactly with that of the balance, the pallets in 
rewinding, increasing the friction of the regulator, two pivots of 
these pallets axe constantly in action, during each vibration, which 
epmes to be the same thing as if the balance had four pivots, hc.^ 

<< We shall observe, moreover, says Berthoud, that the rq^ulator 
of Mr. Mudge is composed of four spiral springs, two for the pallets, 
that is, one ^ each pallet arbor, and two for the balance, and these 
ought to obtain isochronism ; for it is indispensably necessary in a 
portable machine, that the oscillations of unequal extent of the ba- 
lance should be isochrone ; now, if they are so, the mechanism of the 
temowMr^ or that of rewinding, is not of any use ; and if they are 
not so, the chronometer will vary notwithstanding the rewinder^ 
when by agitations or shocks the balance shall describe the greatest 
or the mnalkist arcs, and when these arcs shall vary, either from the 
friction of the pivots, or from a change of force in the spirals, pro- 
duced by heat or by cold, && See Hietoire de la MUum du 
Temph torn. ii. p. 50. 

It is a great many years since Mr. Charles Haley took out a pa- 
tent for a rewinder ; and soon after this, Mr. Delafons contrived ano- 
ther,both of a very nice construction,-*-^ description of whidi is given 
in the Transactions of the Society for the encouragement of Arte, 
Obmmeree, and Manu&ctiues ; how far diey answ^ed the end pfo>> 
fefeed we h^ve not been aUe to leam, altbcMgli our vtnoet 
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wm wcBi CMMd iv proewe thit infimaatMni. A very mgwMM 
dung of Aii kiad has lately bten put to a duenooMler by Mt* 
9mllimg$9m^ muiek makfr^ GloMgow, mn ariki of oonnd^rabh 
lateil, ami wn mikummii in Aw pn^essimh which appears to pr»- 
wdl ; and ipe aiacerely with that it may oone up to meel hie 
■aDflnioe i iiiwl a tin B i 

Hanjami^t rcuMQtoif was a veiy ddioata spriiig, which was hem 
er wmmd up eight tines in a aunute. Were it necessary, a move 
paitifnUMr descriplioii ooold be given of it thai what is detailed in 
Ihedescriptioiiefhia tinieJLeeper. In Haky V the remontoir is bent 
mf IfiD tiaMB in a minute- In the ^soapeaikettt of Mudge^s marine 
time^kefpefat what may be called the remontoit, was bent up 300 
Ines in a minute ; the 'scapeatent here becamet in some degreoi 
vhetty the remofi/eir. A rariety ef clock 'aeapcments may be seen 
in Tbiontt and in aome of the medcm periodical works ; yet, tog the 
paapeae ef cobmmsi and ordinary sort of docks, they are confined 
ikkif %o thoee ef the dead bent, and the reooiL Where aconraie 
fijfennsncf ia required and eqiected, some may hare recourse te 
IsoapeoMfits of a different description. 

Abnut the year 1762, Le Roy, Lepaute, and other clock-maken 
in Paris, were much engaged in making clocks having only one wheel 
in thwn» and some had not even a sin^ wheel in the movement 
past. They were, however, mono eipensive in making, and perform*- 
ed isiieh woese than thoee whidi were oonstincted in the ordinafy 
wqr« Sbnpiicity in the machinery seems to have been their chief 
elgeet. It lequiies, however, e^Mffienoe to know what siraplidty in 
sM ki hin ery is ; although apparently more simple, a dock having two 
wheda will not be equal to that having three or four ; yet it does not 
fsDew» that, by having more wheels, the dodi will be p r o portionally 
better. It has already been mentioned, that there are boimds whidi 
eannel be overstepped with impnnity. 

This sulgect cannot be better exemplified than by making a eom- 
p n r iao n ef one of Hindley^s dodu having two wheds, and the peo- 
dnhms giving thirty vibrations in a minute, widi a dock giving the 
saMMi number of vibrations in the same time, and with three wheels. 

The first or great whed in one of Hindley's had 180 teeth, the 
seesnd or swing whed 180^ and the pinion 8. The number ef these 
teeth and fdnion-leaves amounts to 308. In the other, the wheels 
were 48^ 40, and 30, with two piniona of 8 ; the sum of these is 134; 
tht diiletenee is 174^ being the number of teeth more in the one 
dock than in the other, and which is greater than the number of tlie 
taetk hi the thma-wlisdad slack taken altagether. 

We shall now proceed to give a short account of such watch 'scape- 
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nents as have been thought worthy of nothse, from the ancieiit ctawn 
wheel and verge one, to the modem firee or detached ^scapement v 
but in order that the reader may be able to fellow our descriptiona, 
we have given from Berthoud a view of an asaemUage of wheels and 
pinions, to represent something like the movement of a watch or small 
time-piece. They are contained in a fiwne made for the purpose of 
allowing them to be move rea^y seen. D E, Plate VIII. No. 43. 
is the pillar plate, cfr pillar frame plate ; 6 F, the fore plate of the 
finune ; A, is the balance ; the arbor or axis on which it is fixed, is 
the verge, whose two pallets p pj 'scape with the teeth of the crown 
wheel C. The pivots of the balance turn or run in the frame ; those 
of the crown wheel C, and of its pinion d, run in the potence I, and 
in the counter potenoe H^ both of which are screwed on the inside of 
die pillar plate, the arbor of the pinion d bdng at right angles to 
the axis of die balance. The contrate wheel K, and its pinion c, 
turn also in the frame ; the teeth of the contrate wheel jntch into the 
balance (or crown) wheel pillion, and can turn or drive it ; the third 
wheel L, and its pinion 6, run in the dnme ; the teeth of the third 
wheel pitch into the contrate wheel pinion and turn it. Tljie centre 
or second wheel M, and its pinion a, have a long arbor going beyon4 
the outside of the dial R S. The second wheel M pitches with the 
third wheel pinion 6, which it likewise can turn. N is the first or 
great wheel pitching with the second wheel pinion a; X is the rat- 
diet, m the click, and n its fipring. On the arbor of the great wheel 
Ae ratchet is fixed, and on windmg up the main-spring, the ratchet 
and arbor turn freely in the hole at the centre of the great whed 
which keeps its place daring the time of winding. O P is the 
main-spring deprived of its barrel, the inner end of it hooks on to 
Ae lower part of the great whed arbor, and the outer end is hooked 
to the barrel, but is here fixed to a temporary stud. The fiyree of 
the main-spring, after being wound up, sets all the wheels and pi- 
nions in motbn, and would oblige the ratdiet and arbor to turn 
round independent of the great wheel; by this the main spring would 
be instantly unbent, but u prevented from this by the click m being 
.forced by its spring n to fall into the teeth of the ratchet, applying 
its end to the &ce of the ratchet teeth : by this means the main 
spring must unbend itself very slowly, the motion of the wheels being 
diecked by the 'scaping of die verge with the crown-whed teedl. 
Q is die canon jnnion, put spring tight on the arbor of the second 
wheel, whose sodcet or canon goes outside or beyond the dial, where 
it is squared tat the purpoee of die minute-hand beii^ put on it. T 
is the minute wheel, g its pinion ; the canon pinion pitches into er 
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IcAcb the miinite whed ; the boor wheel V, hAviiig e hoUow arbor 
or sedet, /, is pot on the canon pinion, andia led by the minute 
pinion, which pilchea into ita teeth. It ia on the aocket of the hour 
wheel, which oaneaa little aboye the dial, that the hour-hand it put. 
When a whed pitchea with a pinion, and tuma it, the pinion It said 
to be driTen bjr the wheel ; if the puuon tuma the wheel, the wheel 
is then said to be led by the pinion. No pendulum or balance spring, 
being at the moYeroent, (No. 43.) yet we may suppose one to be so, 
harii^ its inner end filed to a collet, which goea spring tight on the 
axiaof the balance; the outer end ia fijud or pinned into a stud fixed 
on the inside of the fore-plate. In the action of the crown-wheel teeth 
on the pallets, the balance spring iaeilher bent up or unbending ; it 
ia bgr the email fbfce of it that the balance is made to give twice the 
number of Tihrations in a given time than it would give without it« 
It shooldhave been observed, that by putting a key on the square of 
die canon {nnion, and turning it about, thia will not only move the 
minntehand round, but will oUige the hour hand to follow sbwly, in 
Alt ratio of one turn to twelve of the minute hand. 

The first watches may readily be supposed to have been of rude 
gsecution. Having no pendulum spring, and only an hour band, 
and being wound up twice a day, they could not be expected to keep^ 
time nearer than 15 or 20 minutes in the twelve hours. After the 
q^ication of the pendulum spring, they would no doubt go con- 
siderably better, and may now be made to keep time sufiiciently 
correct for the ordinary purposes of life. Indeed, when the crown 
wheel and verge ^scapement is executed with care, it will do uncom* 
Bionly well. Let the angle of the verge be 95 degrees or upwards, the 
teeth of the crown wheel undercut to an angle of 28 or 30 degrees, 
and ^scaped as near to the body of the verge as just to be clear of it ; 
(it is to be understood here that the verge holes are jewelled.) To 
carry the matter still farther, the body may so far be taken away aa 
to admit the teeth near to the centre, which will tend to allow th^ 
vibrations of the balance to move more freely and independently ; 
hot this requires such nice execution Aere, and in other parts of the 
'acopemen/, that, from not having encouragement, few are fit to exe- 
cute it, and therefore it may in general be safer not to bring the whodl 
teeth so near to the body of the verge. Care must also be taken to 
have the balance of a proper diameter and weight> which haa of late 
been much neglected, since the old fiMhion of half-timeing has been 
left off; that is, making the watch go without the pendulum springs 
— if it goes slow, 30, 32, or S3 minutes in an hour, the balance may 
be considered of aoch a weight, as to he in no danger of knocking on 
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the banking, from any external motion tbe watc^ may meet with ia 
fidr wearing. When the paUets of tbe verge are banked on pin* in 
the potence, they sboold, to prevent straining, both banket the same 
time, alternately the &ee of one pallet on a pin, when the boek of the 
othor is on its pin, cfr the banking may be done in the rim of the ba- 
lance, but not near the edge of it. Which of the two b preferaUe, 
we shall not stop to determine. 

The verge watch, as has been already said, will perform extremely 
well. About 40 years ago nearly, we had some of them macfe up in 
such away, that they went fttlly as well as any horizontal ^scapement, 
and for a longer time,-^this last requiring oil to the cy Under after go- 
ing ten or twdve mon^. OQ, however, should never be diowed to 
come near the whed teeth or pallets of a verge* Verge or oontrate 
wheel watches have, of late years, been very moch overlooked and 
neglected in many respects, and in none more so than in the rdlative 
position of the balance wheel and conttate wheel arbors. They are 
i^irely seen, but at a considerable distance from one another, which 
gives a very oblique direction in the pitching of the contrate wheel 
with the balance wheel pinion. It is well known, that where force is 
indirectly or obliquely applied, it will work under great disadvantage. 
These arbors ought to be placed as near to each other as can be. In 
order to obtain this, reduce tbe balance wheel pinion arbor fmoards 
the end to the smallest size it will bear ; and, turning a hollow out 
of that of the contrate wheel arbor, this will allow them to come very 
near the line of their centres. To get this pitching to the greatest ad- 
vantage, some place their counter-potence within the rim, and near the 
arbor of the contrate wheel, so as to have the line of the balance-wheel 
pinion direct to the centre of the contrate wheels as may be seen in 
Plate VIII. No. 43. 

It has been recommended by a very celebrated artist, that the 
movement wheels should be placed in such a manner as to act at 
equal distances from the pivots of those pinions which they drive, in 
order to divide the pressure or action of the wheel between the pivots, 
and that one pivot should not bear more than the other. This is ap- 
j^arently sound reasoning ; but, having put it in execution, the pivota 
tmexpectedly seemed to wear very ftst, even more so than in the 
common barred movement, — ^the pivots, it is true, were small, and 
the motive force rather great. It is to be wished that a further trial 
should be made, to bring it completely to the test. No pivots have 
been found to stand so well as those in movements of the double bar- 
red sort. 

A pendulum spring collet, made as it ought to be, is as seldom to 
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bt net wHk, as tbn whieh w^ hme noticed fegaidiBg ibo po$Uwm9 
of die coBtrale and btUmee wheel orbon. Yet, aiiiiplo oi the thing 
ky it aeons to reqoifo a rale to show how ii shmUd te Amo, thcfo 
appearing to be no aueh rule at present, if wo Jtusy /odgt by the 
greater part of those which have hitherto been made. The ring of 
the coBel shonld be no broadet than to allow a hole to reeei^ the 
pendidttBi spring and pin which fixes it The aft^made in thecoUel» 
tar the purpose of its being always spring tight on the ootside taper of 
a eylinder, or verge ooUet, tapered a little inwards, should be p«l 
dose to where the small end of the pin oomes, when the spsing is 
pinned £ut in. The pendnlom Mpnmg in this caae will have the 
first or inner ooil at such a distance as to allow die point of a small 
scKw-drirer to get into the slit, without any danger to the springs 
when it n wanted to set the coUet and spring to any required plaoeu 
If d^ sKt is put at the other end of the pin, where it is oftener tlun 
any where else, it b evident diat the workman cannot get into k 
wtthout danger to the spring. The outer end of the pendulum qving 
ooglit to be pinned or fixed into a brass cock or stud ; in performing 
due operation, it goes easily on, whereas, with steel cocks or studsy 
there is a ciosMiess or trouble, which shows that they should never 
be used, independent of other reasons that might be urged. These 
studs and cocks are in general very improperly placed^ being pot 
at m greater distance ficom the curb pins than is requisite. We have 
seen dns distance so great, that the motion of the pendulum qnring 
bet w een the stud and the pins was such, as to take away a part fieosa 
every vibration of the balance ; which is something like a pendulum 
idien suspended to a vibratory or ill fixed cock, where it would noS 
be allowed to have half the motion it would have otherwise afr* 
quned. « 

A ftw years ago, our modern improvers would have the joint trana« 
finrred from the pillar-plate to the brass edge ; nothing worse oould 
ha;ve been proposed. In the old way, the whole of the movem«it 
was kept in its place, by the united assistance of the joint, and o^ 
the bolt and its spring ; whereas, in the other way, the movement haa 
ila sole dependence on the pins of the faraas edge feet, firom which 
it fteqnenUy would be disengaged, fay violent exercise on horsft* 
back, fcc 

Fran what has been said of the imperfections in watehes, it majF 
be seen, that they inevitably arise firam die want of that energy of 
mind in workmen, of which not one in a hundred is possessed. Cam 
it then be supposed that every new watch which is purchased is com* 
pfele md requires no assistanee ? Whoever thinha ao, most, and 
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will be disappointed. On finding it not go as they expected, bring 
it to some watch-maker or other, many of whom cannot put it in a 
better state than that in which the workman or finisher gave it aa 
complete. But it is brought to him, not with the view of having 
any thing done to it, as it is supposed to require nothings but merely 
to see what is the matter with it, never considering that any 
irregular going, or stopping, must imply some fault or other, and is 
the very cause that brings them to the watch-maker. It does not 
follow, however, firom this, that every watch which stops is badly exe- 
cuted ; this will happen sometimes with those of the very best exe- 
cution, and frequently firom an over-nicety of the finisher. On the 
watch being left, he (the watch-maker) takes it down, examines it, 
and reports accordingly what is necessary to make it keep time. The 
owner, on being told afterwards, that it will cost so much to make it 
do what is required, frequently and strongly suspects, though he may 
be polite enough not to say so, that there must be some imposition 
mi the part of the watch-maker. Much is the trouble many watch- 
Biakers have of rectifyiog the faults of work given in, and large sums 
paid for such alteration of work thought originally to have been com- 
plete. We have known four guineas paid to a workman for doing 
a particular branch : and it not being executed to the satisfaction 
of the watch-maker, he has given half as much more to another to 
have it corrected. There are as few who excel in this art, as in those 
ef sculpture, painting, and engraving, which are called the fine arts, 
—a name to which watch-making, in every sense of the word, ia 
equally entitled, but which labours under the great misfortune in not 
being properly seen, that few or none are enabled to appreciate the 
merits even of the finest executed piece. This will ultimately sink 
the profession to nothing, which, we are afraid, it is daily doing, and 
80 much 80, that no young man can now be found to go to it who 
has got the smallest degree of education, or of ingenuity ; and when 
the provincial towns decline to give their quota in this way, the ca^ 
pitals will not be able to support the character that such a profession 
requires, from want of a supply of hands. 

The old ''scapement, even after the application of the pendulum, 
and of the pendulum spring, not giving that satisfaction which was 
required or expected, induced both Hooke and Huyghens to think of 
other means of improving it, or to substitute a superior mechanism in 
its place. In this pursuit the mechanical talents of Hooke stood con- 
spicuously eminent over those of the justly celebrated Huyghena. 
Some of the movements of Huyghens^ watches, or time-keep^^, were 
much larger than those of our box chronometers. The contrate wheel 
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cm into teeth of the aame fimn at those of the common crown 
whed, and made to ^scape with a verge of the usual kind. On the 
axis of this irerge was a tort of oontrate or crown wheel, having teeth 
Uke the ordinary omtrate wheel, which drove a pinion fixed on the 
axil of the balance. The verge, when 'scaping with its wheel, caused 
the balance to make several revolutions from every impulse on the 
pallets ; some of them had no pendulum spring, having been made 
pcriiaps before its application. When the balance made several re- 
volutions in every vibration, eadi being two seconds, this 'scapement 
would be but ill suited for the coib of a pendulum spring. Those 
having the pendulum spring appeared about 1675. This was the 
origin of the half-timeing which we have alluded to, upon seeing, that 
when the pendulum spring was iqpplied, it made the balance give two 
vibratioiis in the same time that it gave one without it ; a particular 
reftrence to Plate VIII. No. 44. may tend to show the action of this 
mrrhanism still better than what has been given or said of it. In 
the frame A B is contained the contrate wheel E E, whose teeth, 
in place of being of the ordinary fi^rm, are like the common crown 
whcd teeth, and ^scape with the pallets on the verge f e\ on it 
is rivetted an ordinary contrate wheel D D, whose teeth pitch in 
with the pinion dc\ the pinion being the axis of the balance C C, 
kept in its place by a cock of the usual kind, the foot pivot turning 
in the lower frame plate ; a a repiesents the pendulum spring as 
seen edgewise 

About the same period. Dr. Hooke brought into notice his watch 
with a new 'scapement, which, for seventeen years before, he had 
been privatdy endeavouring to improve. This was very different 
from the old crown wheel one, and as much so from that of Huygcn8\ 
It had two balances, on the axis of eadi was a toothed wheel pitch- 
ing into one another ; the verge or axis of these balances had each a 
pallet on it : The balance wheel was flat, having a few ratchet or saw- 
fike teeth ; its arbor run within the frame, parallel to those of the ba- 
lances, at a point equally distant from their centres ; the three points 
farming as it were the angles of an equilateral triangle. When a 
tooth of the balance wheel gave impulse on one pallet, the other, by 
the pitching of the two wheels, was brought about to meet another 
tooth, after the wheel had escaped from the pallet on the oppoeite 
mdej in order to receive impulse in its turn. There was a pendulum 
spring CO one of the balances, and the object of their being pitched 
together was to prevent the effect of external motion on them, while 
it served the double purpose of bringing alternately about the pal- 



}et$, and ^ g^ye some little recoil t» tbe vbeels igr die ntictiou ef 
ihe Jb^lanoes. AUhougb this was a very ingjeniooB cantiiYanoe 
fyt jR 'aciipeme9t, yet it appean not to have given that sadsfactioii 
3|r}iiob iF«9 fixpedifidf probably from indiffereni ewecuHonj asy from 
SuUy"^ iH>CQu/nty was the case^ and the old one was again lesumed. 
However, aome years aftenrardS) other artists^ among whom was 
J)mtertre9 were at^acted by this ^scapement of Dr. Hookers, and 
jr/ere led &om time to time to make improvem^its on it. From it, 
priginat^esd the duplex ^scapement, which has of bte years been so 
PDch in r/^ute. A large ddfierman dodc had a 'scapement on the 
aame prii^ciple as the above, of whi|c|i tjie maker^a name is unknown ; 
ffjce ThioMt, torn. I. p. 110. and Plate XLIII. Fig. 31. Dr. Hod^a 
tisiia to his own ^scapement remains however undisputed. 

The &mous Tompion (who.was upwards of sixty years in business, 
$8 a watch-maker, in London, and who, by his labours, contributed 
greatly to the reputation that the art had acquired in England) made 
a 'scapement about 1695, and flattered himsdf by its succeeding as an 
improvement. The verge, or axis of the balance, was a small spHd 
steel cylinder, cut across at the middle, and nearly half way down ; 
in the longitudinal diijiection of the cylinder, a deep angular notdi 
was made, forming a sort qf pallet on the left hand side; the 
balance wheel was flat, and much like Dr. Hooke's, the spapaa 
between the teeth sufficiently wide to allow the cylinder to turn fredy 
between them. When a tooth of the wheel had impelled the pallet 
pn 'scaping from it, the following tooth dropped qn the outside of th 
cylinder near the ri^t edge, resting on the cylinder during thia t 
bration of the balance ; after passbg the right edge, and meeting 
little recoil, it got again on the pallet and gave a new impulse, win 
took place only at every second vibration. An excellent property ^ 
observed in this 'scapement, that any inequalities in the motive ft 
made no deviation in its time-keeping; but the friction of the 
lance- wheel teeth on the cylinder and its edges, was so great an^ 
structive, that it was given up in consequence. 

Knowing what Tompion bad been doing, betng bred ufukr 
jGrrabam, a good many years after, set to work with the cy 
'scapement, and ultimately succeeded. Although this 'scapeff 
now pretty generally known, yet we may be allowed to givf 
count of what he did. In place of Tompion's solid cyUn 
made a hollow one, see PUte III. No. 18. : On the points i 
pion's wheel teeth were raised something like small pins or r 
the tope of which a sort of inclined or wedge-like teeth werv 
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9tmA a hmglk m t» bvrea i^orj littk frMAm w&ca in di« inade of 
Ike cyfiader, and the ooUide of Uie cylniclcr tm have the aaine iVee- 
Stm between the peiat of one toedi mai the heel of the other. A 
wieb or openbg was made aciwee the cylinder not ^uite half way 
dawn die diameter ; die edges of the oylindei made by this opening, 
were dressed so that the enrred edge of die tooth might operate easi- 
ly on diem ; the left hand ec^ was flanched outward, the right hand 
ronnded ; when the balance was at rest^ and the whed in iu plaee to 
iMape, the point of the tooth got the« just in on the cylinder edges 
and no more; a second notch was made below the other, to aUow the 
bottom id the wheel to pass, leaving hardly a fbwrth of the circom- 
ftrenee of the cylinder, the other leaving mote than a semicirde. 
The highest part of the wed^ or carved teeth being in a circle, 
greater or beyond that on whidi the point was, it is evident, that 
if the wheel is urged forward, it will make the cylinder to turn, and 
die angle of 'scapement win be aeostdbig to the height of the wedge : 
when a tooth of the wheel es ca p ts from the right hand edge of the cy- 
Ender, the point of it (Ub into the inside ; after reposing there, it then 
passes and impels the left hand edge ; on escaping it, the point of 
the s octeeding tooth drops on the outside of the cylinder whi'-e it 
npoaes ; on the return of the balance, it gets on the right hand edge, 
givii^ a new impulse, and so on ; the teeth impel on both edges of 
die eyHnder, giving, by each, a vibration to the balance. See Pbte 
III. No. 18. B n die bahmce, A the cylinder, 1, 2, its pivots, P 
die cylinder or balanee-wbeel pinion, the curved part of the wheel 
Isedi are particularly marked at «, ft, and c. 

Tkis Va p emen t being the best of any that had preceded it, De- 
hmuff^9 perhaps eafcepied^ procured ibr Graham^s watches a very 
considerable reputation, as their peribimanoe was much superior to 
of the M construction. However, on comparing the going of 
cf Graham's with those of a later date, we confess that none of 
his, ihoof^ excellent, were ever equal to them in performance. The 
were rather large in diameter, the balances too light, the mo- 
too weak, and he had great difficulty in obtaining good 
spring-wire, meeting sometimes with iron where he expect- 
ed steel-wire. Watches having the cylinder Vapement were not 
hMwn m France till 1788, when Julien Le Roy commissioned one 
if them tnm Graham : They were losing their character here some- 
before the introduction of the duplex, which contributed after- 
still more to lessen their value : The duplex will, in its turn, 
be onpidanted, for reasons which will be afterwards noticed. Flat 
shallow baUnce wheels^ steel and brass of bad qu«Uty9 

<t2 
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(from the difBculiy of getting them good,) injudicious executioiiy md 
low prices^ must have tended to make the cylinder ^scapement so bad 
as they have been of bite ; many of the cylinders were destroyed and 
cut to pieces in a few years, and some of them could not last so long. 
Let these be compared with the cylinder 'scapements of oM HuUf a 
cylinder ''acapement^maker in London^ many of which we have seen, 
after having been in use thirty years and upwards, with little or no 
impression even on their edges. In what did Hull's art consist ? 
There must have been some causes for it, but what these are we shall 
not attempt to conjecture. Like Graham, with whom he was in- 
structed, Hull soldered in the plugs of his cylinders with silver solder, 
which caused a very tedious process in the course of finishing the cy- 
linder ; but this is not offered as any reason, or the cause of his ex- 
celling in the art of cylinder *scapement making. The acting edges 
of the teeth have hitherto been made too thin, particularly for steel 
cyUndersy with the view of lessening the friction ; but this was evi- 
dently going on an erroneous principle. The friction was increased 
by the rapid cutting of the cylinder, and was worse than if the teeth 
had had thicker working edges, which would have made the friction 
mors constant, and, of course, less liable to cut the cylinder. 

When the vibrations of the balance are at the lowest point, the 
resistance of the penduliun spring is at the least ; but the more it is 
bent or unbent, the greater is the resistance ; consequently, when at 
the height of the wedge or tooth, it is greater than when the tooth 
first begins to act. Two or three different curves for this purpose 
have been imagined ; one approaching nearly to a right line, which 
is supposed to give the wheel time to acquire a velocity during the 
passing of two-thirds of the curve and the least resistance of the 
spring, by which the other third is more readily overcome, when the 
resistance to it, is greatest. This has been thought to give a greater 
extent to the arc of vibration, and has been adopted by the French 
artists. Another curve, where equal spaces make the balance de» 
scribe equal portions of a circle, is thought to give the least m 
to the edges of the cylinder, and is that which is practised by 
'scapement makers. Arguments equally good for either, as it thm 
appears, might be given. 

The weight and diameter of the balance, are circumstances ver 
materially connected with the wearing of the cylinder edges. Wha 
ever will prevent this wearing, should be carefully attended to. Whi 
the diameter is large, the balance must of consequence be less hear 
a sort of sli^gishness in its motion takes place, the pendulum spo 
great resistanee to the teeth passing the cylinder edges, i 
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CBiuing rspid wearing. On the contrary, when the diameter in ttmall, 
and the weight at a proper medium, there is an alertness in the vi- 
brsdon ; the momentum of the balance has such force oyer the pcn- 
dnhim spring, that it allows the teeth to pass the edges quickly, and 
beoce there is a less tendency to wear them. The diameter of the 
balance should be less than in a verge watch of equal sise, and it 
should be no heavier than just to prevent setting, unless where a 
going in time of winding is used. The cylinder 'scapement, on the 
whole, must be allowed to be a very excellent one ; and where care is 
taken to have it made as it ought to be, such watches will give very 
good performance. Provision for oil on the cylinder should be made 
as amjie as can be admitted ; that is, the part where the tooth acts 
should be as distant from the notch where the wheel bottom passes as 
possible, and, at the same time, more distant from the upper copper 
plug ; the lower notch should not be longer than to ^ve freedom for 
the wheel bottom to pass easily. When they are made long, as they fre- 
quently are, the cylinder will readily break there, if the watch receives 
any sli^t shock from falling. The acting part of the tooth, as has 
already been noticed, should not be too thin, nor the stems too short. 
If the diameter of the balance is too great, any addition of motive 
farce will make the watch go slow ; if too little, the watch will 
go fast ; and if, of a proper weight and diameter, any addition of mo« 
txve force wiU make little or no change on the time-keeping, whether 
die watch is hanging or lying : we have made the motive force more 
dian double, and no change took place ; the isochronism of the pen- 
dnlm spring no doubt had its share in keeping up this uniformity. 
Balances, whose diameters are rather small, will have a natural ten- 
dency to cross farther ; that is, the arcs of vibration will be greater 
dian where the diameters are great. Their weight will be in the in- 
verse ratio of the squares of their diameters ; from which it follows, 
diat if the balance is taken away from a watch which has been regu- 
hledy and another put in its place, having the diameter only one- 
half of the former ; before the watch could be regulated with the same 
pendulum spring, the balance would require to be four times heavier 
dum the first. One way of estimating the force of a body in motion, 
is to multiply the mass by the velocity. Let us then calculate the 
respective forces of two balances, whose diameters are to one another 
is two to four. The radii in this case express the velocity. Accord- 
ii^ to tliis principle, we shall have, for the small balance, two for the 
adiua multiplied by eight of the mass, equal to sixteen ; and for the 
great one, four of the radius by two of the masF, equal to eight ; six- 

q3 
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teen and eight are then the prodncts of die masses by the velocities ; 
consequently they express the force at the centre of percussion of each 
balance : and as it is double in the small one, it is evident that the 
arcs of vibration will be greater, having the faculty of overcomii^ 
easily any resistance opposed to it by the pendulum spring, without 
requiring any additional motive force. 

Let us take an example done in another way :-*-*Which is ibe square 
of the product of the diameter, multiplied by the velocity or number 
of degrees in the vibration, land this again multiplied by the mass or 
weight, so as to compare the relative momentum of two balancea of 
diffisrent diameters, &c. ? Suppose one haknce to be .8 of an indi in 
diameter, the degrees of vibration 940, and the weight 8 grains ; the 
other .7 of an inch in diameter, the arc of vifafation 280^, and tlie 
weight 10 grains : 

240x.8 = 192xl92 = 96864x 8 = 294912 
280x.7 = 196xl96=:3841^X 10=:d8416a 

The balance having the smaller diameter, has its momentum to that 
of the greater, as 384160 is to 294912, or in smaller numbers, aa 99 
is to 76 very nearly. When the arcs of vibration are great, the 
nearer to isochronism will the long and short ones be. 

If the balance of a watch has its arms and centre part rather a 
little heavy as otherwise, and these be made less so, the watch by this 
will be found to go slower than it did before, owing to the effect €£ 
the increased momentum of the balance. This unusual, perhaps 
hitherto untried and very delicate experiment, we made once oi 
twice, and the result was that which has now been stated. The mo- 
mentum of a watch balance should be as nearly in one point of the 
rim as possible, and is somewhat analagous to that which is required 
in the ball of a clock pendulum* 

Berthoud, in his Essai^ &c. insbts much en the advantage of light 
balances, great diameters, and quick vibrations : prindplesi, however 
well dressed up as a theory, will be found not to agree with saund 
pactice and a little experience. M. Jodin, a very ingenious watcb* 
maker, contemporary with Berthoud, in Paris, knowing what Ber« 
thoud had advanced on this aulgect in his Essaiy took an opporto- 
nity of putting him to rights, by usiqg such aiguments as ought in 
our humble opinion to have convinced him ; but in this interview 
Jodin^a endeavours were to no puipose* Berthoud^ indeed* seema 
not to have acted in amformity with the pnndples he wished to 



WEIOtfr Am DIAVETEK 6F THE lALihcCE. ifel 



Itbtiih, if we mty judge by whst he did, seeing that he made the 
tndnt of hk marine timekeepers in suelk varioiu numbers, from that 
of giriiig one vibraciotf in a second to that of giving six in the same 
tine ; and the perfbrmanoe of one of those which gave one vibration 
m a aeoond, is mentioned as havin|;itoahitained the best rate of going 
of dl AmX he had made. Mr. CtMming got also into the system of 
^dc Crains, but was obliged at last to give it up, and was in the end 
pot to a eonaidenble expense in altering every one of these his quick 
Milled watches, irtien he could faiy his hands oti them, because the 
c^fiaders were going so* fast to ruin, Aat th^ watches gave no satis* 
laction. 

It may be fiMmd very convenient, and sometimes of great utiKty, 
fbr die practieal artist to have a little knowledge in the theory of the 
ichtive fbrce of balances, according to their diameter, weight, and 
the number of vibrations given in a minute. An instance shall be 
given that tends in some degree to show this : — A small eight-day 
spring time-piece, of a size somewhat less than that of common spring 
ckdo, which had a balance and a detached ^scapement ; the train 
WM rather riow, being 5400, but with such a train the force of the 
main*apring had so much power over th^ balance, as to make the vi^ 
fandoiis at times go so far as to unlock the detent a second time in 
the eoorse of one and the same excursion ; the vibration being thus 
carried to such an extreme, and when neariy at the end of it ; aU 
theugfa a tooth of the balance wheel had for a second time dropped 
OB die fine of the pallet, it had nO fbrce to impel it flnther on, that 
of the pendulum spring wair greater from beirig now so much bent 
op ; on its unbending, the balane^ wa# madb to return a very little 
way back, whidi brought the' Ctrctillir pitrt of the pallet into contact 
one of the balance-wheel teeth, and by this means the tooth was 
aUowed'to pass fteely on the rolk^ or circulM* part of the pallet, 
wUch had the effiect of stoppitig the motfoti* of the balance, and, con- 
a sq a e nd y, slopped the going of the time-pH^ce. Tt would have been 
•'very inconvenient matter, at this time, cm we shad sappo^e^ either 
la'ha^e' made die tnSn quicker, or to haVe got a main- spring of less 
hkce^^m tas^ onrof the two ways wtcndd'hin^ brought the vibrations 
ef the balance within a shorts coinfMM Now, what device must be 
on^ in>ofderto lessen the arc-of vfbMition, so as the balance shall 
go SD'far ar to iffake li second 'ijM6cking^ keeping still the same 
iaun of wtmels^ and* the- sm«e fbfce^ of main-spring P There is only 
«K wmy to'dothia^ and thMiibJ^ inereasing the diameter of the ba- 
wMch will then reqifh^ a stronger" pendfdum spring, and thiv 
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will of course give a little more opposition to the impelling force of 
the balance-wheel teeth on the face of the pallet. If we suppose the 
diameter of the balance to be one inch, or, what is the same thing, 
ten-tenths of an inch, and, to increase it, the three mean time screws 
which were in the edge of the rim of the balance, being brought out 
80 far as to make the diameter one inch and a quarter, or 12.5 tenths 
of an inch ; by this alteration the time-piece was found to lose an 
hour and a quarter in the 24 hours. It is evident that a stronger 
pendulum spring must then be applied, before the balance can be 
made to vibrate mean time, and that in the ratio of the squares of the 
diameter of the balances, the square of 10 is 100, and the square of 
12.5 is 156.25, the difference between these numbers shows that a 
considerable difference will be required in the strength of the pendu- 
lum springs. The weight of the balance, including the three mean 
time screws, pendulum spring, and stud, balance arbor, and roller, 
was 137 gnuns. 

How to remedy the converse of the preceding case should be very 
obvious, and to many it will appear unnecessary to say any thing 
about it. Yet there may be some few who may not so readily fidl 
on it, and therefore one example in this way shall be given. Suppose 
the balance of a time-piece has its vibrations so short, that no good 
performance can be derived from it, notwithstanding the movement, 
the 'scapement, the main-spring, &c. are as correct as could be wish- 
ed. The short vibrations must then arise from the balance being loo 
large in diameter, and from having too strong a pendulum spring. 
Now, if a balance of the same weight, or nearly so, but less in dia- 
meter, and a weaker pendulum spring be applied, this will allow the 
vibrations of the balance to be carried to a greater extent, which was 
all that was required. 

When a little expense in the cylinder or horizontal ^scapement is 
not grudged, a ruby cylinder is certainly a great acquisition, to pre- 
vent wearing on the edges. If it is wholly of stone, and not steel 
cased, as is usual, it will be so much the better, by giving a little 
more scope to extend the limits of the banking, the steel crank of the 
cased ruby cylinder confining the banking. There would no doubt be 
a greater risk of breaking than in the steel-cased stone cylinder ; yet 
this might be considerably lessened, were some attention paid to make 
the notch, which frees the bottom of the wheel, no longer than is ne- 
cessary, as has been proposed in the case of the steel cylinder. It 
would be desirable to have the cylinder formed with the strata of the 
sapphire or ruby, placed in a vertical position, instead of a 



▲OVAVTACS or A tUlY CYLIHOBt. 833 

one. Thif is surely attaiiiable, when we know that diamond split- 
ters can distinguish the strata or layers of the diamond, — a stone 
whidi may be supposed more compact than either the ruby or sap- 
phire. We have seen a cylinder wholly of stone, in a watch belonging 
to a gentleman who was wearing it when between 70 and 80 years of 
age ; he used fireqpiently to let it foil without any accident happening 
to the cylinder. Three small griffs, or cocks, placed on the potence 
plate, so as to aUow the edge of the balance to come into notches fitted 
for it, and having at the same time sufficient freedom, would prevent 
either the cylinder or the cock pivot from breaking. A little practice 
should make the stone cylinder easier made, and perhaps cheaper, 
than even the steel cased one ; at all events, even on equal terms, it 
ou^t to be the prefieraUe of the two. From what has already been 
said, it appears, that the weight and diameter of the balance are mat- 
ters that cannot be said to be merely arbitrary ; for, if the motive 
force is too great for that of the balance, the watch will go fast when 
in the lying or horisontal position, and slow when in the vertical or 
hanging position. By diminishing either the motive force, or mak- 
ing the balance heavier, the watch may be made to go alike in both 
positions. The properties of the pendulum spring may conduce • 
Uttle to this. It b in some degree a desideratum for a pocket-watch 
to have the balance pivots and holes made so, that the balance with 
its firing, when in a state by itself, and firee of any communication 
with the wheels, should vibrate the same length of time, whether it 
is in a vertical or horizontal position. We know, when it is in the 
hitter, that it will continue to vibrate twice the length of time that it 
will do in the other. We are humbly of opinion, that the balance, 
with its spring in an isolated state, could be made to vibrate the same 
length of time in both positions. But who will be at the trouble and 
expense to make such experiments as may lead to this ? 

Mr. Eamshaw's pivots, with flat ends and shallow holes, should 
come very near to this object. About forty, or near to fifty years ago, 
endeavouring to come at this, we used to hollow out the ends of ba- 
lance pivots. 

In the interim between Tompion having left off his trials in at- 
tempting the horisontal ^scapement, and Graham having brought it 
to a state of perfection, M. Facio, a native of Greneva, having dis- 
covered the art of piercing holes in rubies, or any hard precious stone, 
came to Paris with this art as a secret, but not being well recrived, 
either by the Duke of Orleans, at that time Regent of France, or by 
the watch-makers there, be repaired to London with it about the year 
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FBKMIUMS warn rUfOIHO THS b^NClTUOK. 

Le Bofj wk& wm§ imiimaieiy meqtmnied miik Sulty^ and Ber- 
iImnmI, are oBoonnonly laTidi of ihor encomiumf on him. Soon if* 
tcr be had completed hia apprenticeship with Mr. Gretton^ watcb«> 
maker in London, he went to Holland, Germany, and Anatria, 
and, attimcting the notice of aeveral of the princea and nobility, ht 
was mach employed by theril. Having eeen, m the library of Prince 
Engene^ the Metmoira €f the Rojfsl Aeciemy af Stienoee in Pmri§^ 
he eagerly acquired the French language, in order to read them» 
TUa eneited in hitn a itrong deeire to see Parisy to which he repaired 
abont the year ITlSor 1714^ nnder thepntrooage,andin the suiteof 
the Dnke of Arembuig, at whose hotel he lodged, with a pension of 
MM Knvs. He had not been long there, when our countryman, 
Lswof Laoriolon, under the antherity of the Court of VersaiUes, got 
bun eagi^ed to establish a iMmu&ctory of clocka and walchea. Ill 
nonstqusncc of this, he came twice to London ; and haying catfriei 
away a gnatmnsber of workmen^ and speni much money on tools and 
oAsr Midea, Law began lo murmur, and the establishment in two 
yesrs fUl to the ground. This made him coaiphun bitterly of Ul 
had Ibrtune lo a friend ; but, fertunatdy, a nobleman, to whoaa thb 
wsa melioned, iiseliag much for the disagreeable situation in wiAdk 
SsHgr was placed, sent him, a$ a preiefti, some shares In th* pnblia 
Himls, value 19,000 livTe8,^wUoh enabled him, fiir several yeara 
ifterwarda, to pursue very Kalously hie favourite sdieme of maldngi 
SMiiiw time-keqwr, to ascertain the longitude at aea^ In this 9(U 
tmofi he was not so successful, in his first triab, aa he had led him* 
idf to esqiect It waa in general betievwd, however, that, had he livedo 
he would have been the first to have deservedly acquired one or othet 
of die premiums whidi were befiire that time ofihted by fimr of the 
greatest maritime powers in Europe, to thoee who should produce a 
time-keeper, whidi could ascertain, to a certain extent, the longitude 
at osa. PhiKp the Third, who aaccnded the throne of Spam in I591| 
the first who proposed, in 1596, a reward of 1000 croHnsfortUa 



The states of HoUand soon sAsvfoUowed his exaaapla, and offend 
100,000 iorins. The Brilmh Parliament, in the reign of Queen 
Anne, voted ^^90,000 Sterling fte the ssne purpose; and the Duha 
ef Orleana, Regent of France, in 171<K promised, in name of the 
Kiqg, 100,000 livrcs. aully may UiaraHy be aaid to havedied a mai* 
tyr to the cause in which he waa en ga g ed * Having gst a him adh> 
to a person trAo, ii wne somI, tiof <>ccupied ill the same 
with himarif, he gst so ov«rfaeatad^ hi hie aniionB and viin 
dBavoartofiBdhnnQnt,thatlicdaadinalhrdb]ps after, at Pasi% 
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in the month of October, 1728, and was buried, with great pomp, in 
the church of St. Sulpicius. In this church, some few years before 
his death, he constructed a remarkably long gnomon, or meridian line. 

Sully having acted so conspicuous a part in the profession, no 
apology is deemed necessary for giving this short account of him. 

It may be observed here, that Debaufre^s 'scapement has this ad- 
vantage, which is not in Graham^s, that the impulse given is the 
same in every vibration, and the time of rest on both sides is the 
same, bearing mostly on the foot pivot end, a little on the sides 
of the pivots, but not wholly on the sides of the pivots as in 
Grahiun's. Having made one or two watches, to which this 
'scapement was put, they were found to perform very well ; and 
we would recommend it to the attention of 'scapement-makers. A 
little practice will ttiake the execution of it very easy. The two thin 
steel wheels may at pleasure be placed at any distance from one ano- 
ther ; their diameters should be as large as can be admitted between 
the potence foot and the verge collet. An agate, or any hard stone, 
fer the pallet, whose height is half the spaces between the teeth, or a 
little less, is fixed on the verge or axis of the balance ; the level of 
the base of the pallet on which the teeth rest, being a very little 
above that of the line of the balance-wheel pinion, the teeth must be 
• very little undercut, so that the points only may rest on the pallet. 
The verge should be placed more inward in the frame than in com- 
mon contrate wheel movements, in order to give room for the balance 
wheels. The necessity of a contrate wheel movement for this 'scape- 
ment, is a trifling objection, which will wear away in spite of prqu- 
judice. 

In 1722, PAbbe Hautefeuille, who long before this had ai 
Paris disputed in a process at law with Huygens, the righi 
of ihe invention and application of the pendulum spring to 
the balance of a watch, Huygens being cast, was prevented 
from taking out a patent in France as he wished^ published 
a quarto pamphlet containing descriptions of three new 'scape- 
ments for watches. One of these was the anchor or recoiling 
'fakement, on the verge of which was attached a small toothed 
segment of a circle or rack, working into a pinion which was 
die axis of the balance. The idea of a pinion being the axis of 
the balance, seems to have been taken from the 'scapement of 
Huygens, and is here contrived so as to make scfircely one revolu- 
tion at every vibration. This ^scapement is the same as it came 
fitom the hands of Haate£suille, without any improvement having 
been made upon it even to this "day, although a patent was taken out 
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for tlie same about twenty or netr to thirty years ago, by some 
persons in Liverpool. The name of lever watches, whidi they 
receiTed from the patentees, is that which is generally given to those 
having this ^scapement, which is the same that Berthoud has de- 
scribed in his fjfot sur VHorlogerie^ published in 1763, see ton. 
ii. No. 1933, and Phrte XXIII. Fig. & of which our figure is a 
copy, Plate VIII. No. 46. Berthoud, under certain modifications^ 
introduced the principle of this ^scapement into some of his marine 
time-keepers. In this 'scapement of FAbb^ Hautefieuille, A is the 
'saqpement wheel, B the anchor pallets, having inclined planes, or 
made with sudi curves as are best suited to obtain isochronous oscil- 
lations from the balance : C D the balance, a, a pinion on whose ar- 
bor the balance is rivetted ; 6 is the toothed rack which pitches in 
with the pinion, the rack is carried by the axis of the anchor pallets. 
In the chawing, the pinion appears to be the arbor of the 'scapement 
wfaed as well as that of the balance ; but this is done by way of con- 
centrating the figure £, the counterpoise to the rack. 

A very able and ingenious artist at Paris, M. Dutertre, who was 
sealous in his profession, and had considerable success in his pur- 
suits, invented, in 1724, as is said, a new 'scapement, or, in our hum- 
ble opinion, rather improved that of Dr. Hooke's, with two balances, 
which has already been described. The additions and improvements, 
however, which he made, were so great as to give him a sort of title 
to claim it as his own, and to render it, in the opinion of good judges, 
the best ''scapement by far that was known at that time. The addi- 
tions which he made consisted in putting another wheel on the same 
arbor with the first, but it was considerably larger in diameter, hav- 
ing the same number of teeth with the other, and which formed the 
diief merit of his improvement of this 'scapement. The balance 
srbors at one place were made rather thicker than usual, for the pur- 
pose of having notches cut across them, and as deep as the centre. 
This part of the arbor became then a semi-cylinder. The larger 
wheel, which may be called that of arrite^ or repose, is placed on 
ttr arbor, so as to correspond with the semi-cylinders and their notches^ 
the points of whose teeth are made just to clear the bottom of the 
notches, alternately passing one of them, and resting on the semi- 
cylindrical part of the other. 

The action of the two wheels shall now be explained Let us 
suppose that one of the larger wheel teeth, after reposing on one of 
the semi-cylinders, is, on the return of the vibration of the balance, 
admitted to pass through the notch ; after having passed, a tooth of 
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Ae impuLie wlieeL» fiilk on the cfiireqMttduig f9Sk% give* iiipube, 
munrying it on till it escapes, when another tooth of the wheel of i^ 
poae £dls on |he ether ^emiftojrlwder, and vesta theie enlU the vetisni 
of the vifaratioB ef the other haknce^ when it jMsafa the Botch in its 
turn, and the correspeDding pall^ presenusg itaeU^ is wipeUed ly* 
tooth of the impulse wheel, apd so on. HooheV ^scapeoieat lud • 
imall reooil ; the aim of Duteirtie was to make a deadheet one of k^ 
in which he succeeded. Thap is a drawing of tiiis ^scapement ni 
Pkte XIV. Fig 4. of Berthoud^e Hiaiami^hk Mimre du Temps. 
He says, ^' that the p^perties ef this ^ecapement are sttch» that sudden 
shodis do not soisiUy derange ihe 'iibiotioas ; that the pressure of 
the whed teeth of ftnrete on die cylinders, ooneda the impulse that 
the balan^ reoeives from the wheel work, which, on the moti^efoeee 
bemg fven doubled, pveiwnts tjhe iafaBati(mafirein being affected.^ 

Plate IX. No. 47- represents this ^^eiqpement haviog twe hakncefl^ 
A B, toothed on their ed^, and pitching in wHh one anolbsr ; as eoi^ 
structed by Dutertre, they are placed outside ef thei potency plalswae 
iseU as the double ratchet toothed whedm ^^ ^hree arfatm being kept 
in t^cir places by a ooek to each. Upen one of the crosses of eedi 
balance are fixed a sor^ of pallet, I)^ and £, the arbors of the hatanb 
ees haiPe eaeh a notch cut acvosa them, so as to aUow the peuMs of 
the teeth of the larger ratdiet wheel to escape. When the pointo 
ef the teeth of the wheel of arreie, get in on the notches, they 
pass through instantly, and by this* the teeth of the inqpnlse wheel 
get forward and impel either one or other of the pallets, D or £ ; 
in the scheme or figure, the tooth & of the wheel of arrete (ov of 
veet) is seen to have escaped from the notch of the arbor of the ba» 
hmce A, and a tooth of the wheel of impukeis ready to come on, and 
impel the pallet D, meanwhile the tooth ft wtU have got forwaed, and 
rest^ on the semi^^hndrical pact of the arbor of the balance B ; on the 
return of the balfmce, it passes throu^ dienoU^and gives the wheel 
of impulse liberty to strike the pallet £» and so on. 

In plate XLI. Fig. 16L of the first volume of Thiont's work, ia a 
dMwing of thia V»pement modelled from tl^ of a dock, described 
al page 101. He saya, ^^ Fig. 16u is. a 'scapement of die Sieiut Jean 
Baptiste DutertM, which has only one pallet, o^ the ask of idttch ia 
the fork. The two ratchets or wheels are en the same arbor ;. when 
the paUet escapes from the small ratd^t, thelaiger one, which k cal* 
led the ratchet or wheel of aanrUe^ rests on the arbor of the pallet^ 
and leaves the vibrations to be pretty free. On the pallet's return- 
^teimeet with the teeth of the sinall ratchet> the pallet arbor m 
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cyhif^ biiiig Micfapd or mH acmm inlo the fienlve, allows the wbed 
^prwfte $0 piM ; ti^ ihe whmL of iin|Nabion, after getting a tmaU 
m^ giret «ev ftrce U) the TihntiaiDa s «o dut in two ribnitiaBSf 
fipty one nf tbem ii eoetlerstedt h«ioe it wae thought, that the half 
qtH^ wibnAan being fift$^ aad independent of Uie wheeUworiL an4 
ita faieqweliticif tbajr would be more eoirect than others ; but eipeii* 
anw did aot foafim this.^ This ia, Umd, the duplex 'scapemeat, or 
liie nemst ppssiUe appioaeh to it. 

It is more than fifty yean since we saw a small spring clock haring 
dm 'acapanent, made by a rery ingmuoua dock-maker of this place, 
wbaae name was {Ubert Btaokemrig. It may be supposed to have 
haew wmde a very few years after ThioiU's work waa publiahed. 

Itt 17?f > Peter le Uoy gave §m aoaount of a 'seapement whieh be 
bad siade, haTiwg one pallet on the aais of the balanoe, and a notch 
halow it, a wheel of arpii§^ and one of impulse, as described in the 
pieceding ^acapement, so that one half of the Tibrations were inda» 
pendent of the wheel work. Dutertre claimed the preiended invent 
tkm of Le Hoy ; the latter, finding it not to answer his expectationa, 
gare it up* llut Dutertre made the one which is represented in plate 
XLI. of Thiout, we have no doubt ; and there is unquestionable an- 
dMirity, that he brought Dr. Hookers to the improved sute which has 
jnst been mentbned. It is said that be had made a free or detach* 
ed *scapemfnt ; but no account whatever has been given of it 

The duplex 'scapement, as it b now palled, was introdueed into its 
native country about thirty years ago or more, under the name of Ty«> 
Tcrs' 'scapment, <Ae «ame i/ w tftippored q/* Aim toAo jiu/ lie la«l AafMl 
iQimpnmethai^ wUch came in a lineai demsenifrmm Dr. Noake. In 
|riace of the notch being made right across the arbor, as has been man- 
doned befinre, Tyrers^ had a very small cylinder or roller, whose dia^ 
meter was about .08 of an inch, the diameUr of the wheel of arrHe 
being .51 or .58, into which waa made, in a longitudinal direction, a 
deep angular notch of SO to 40 degrees. The cylinder was sometimes 
of steel, but most frequently of ruby. When the poinU of the teetl^ of 
die wbed of repoee &11 into the notch, they meet with a very saaall 
teeoU by the baUnce, in what may be called the returning vibratiiMii. 
This goes so far as to make the tooth for a little to Iflare the notdu 
at the side oj^XMJte to that by which it eame m. The baknce, on rei* 
torfung, is now in the course of that vibration, when it is to team^ 
impulse from the wheel, which takes place immediately on the toolh 
of the wheel of repose leaving the notch and the small cylinder, and 
aa sooo as the tooUi of impulse escapes from the pallet, the nexlttoolk 
ef repose falls to rest on the small cylinder, and so on. 
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Plate IX. No. 49. represents the duplex 'scapement, W W beiiig 
the wheel of arrete or repose, the bases of the teeth of the wheel of 
impulse are seen at a 6 c, black and triangular, and stand a little up 
perpendicular to the plane of the wheel of arrete, as represented in 
perspective of wheel, No. 53. both being formed out of the same piece 
of brass. A B is the pallet which receives impulse from the upright 
teeth ab c, &c. of the wheel ; the roller is represented by a faint 
dotted circle on the arbor of the pallet, having a small angular notch 
in it. 

Tyrers' ^scapement is much superior to that of the cylinder or hori- 
lontal one ; it is almost independent of oil, requiring only a very 
little to the points of the wheel teeth of repose. It can carry a ba- 
lance of much greater momentum, and, when well executed, performs 
most admirably. But there are in it so many circumstances or mi- 
nutiae to be attended to, that some of them may at times escape the 
eye of the most judicious and careful : the watch may stop, and ]ret 
the 'scapement be in every respect as complete as possible. This 
has often given the wearer cause to complain, and to suspect the qua- 
lities of his watch, and hence watch-makers have sometimes been in- 
duced to abandon this 'scapement, and adopt those of an inferior sort. 
The pallets of Tyrers were at first made very thin. We frequently 
urged the propriety of having them made much thicker, and were 
pleased to see that this was gradually adopted. Why should they 
not be made as thick as the pallet of a detached ^scapement ? There 
IB no 'scapement which requires to have the balance-wheel teeth more 
correctly cut, or the steady pins of the cock and potence more nicely 
fitted to their places in the potence plate than in this. The minutiae al- 
luded to, were, too much or too little drop of the impulse teeth on the 
pallet ; the ^scapement not set quite so near to beat as might be ; the ba- 
lance rather heavy ; or the points of the teeth of repose too much or too 
little in on the small cylinder. In a good sizeable pocket-watch, the 
wheels having fifteen teeth, the ratio of the diameter of the wheel of 
repose to that of impulse may be as .520 of an inch to .400, the cy- 
linder .030. The angle of ^scapement will be 60 degrees, taking from 
the escape of the impulse tooth, to that of the tooth of repose fiillii^ on 
the cylinder, the balance passes 20 degrees of these before the im- 
pulse tooth gets again on the pallet, consequently it has only 40 de» 
grees for the acting angle of the ^scapement. There is a variety of 
*8capements in Berthoud^s Histoirep which appeared in 1802, many 
of which are of very inferior note to that of T3rrer8, and yet he has 
taken no notice of the latter. This is remarkable, as he surely mual 
have seen it, considering the great number of them which had been 
made 
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A wmtch haniig a cylinder or horisontal "scapement, not giving 
thai performance that it ought to hare done, arising from the caiue 
of die cylinder whed teeth, having somehow accidentally got a ten- 
dency to cat the cylinder so fiut, that good performance could not 
fOMihly be obtained frtim it We, therefore, thought it advisable 
to take this ^scapement altogether away from the watch, and substi- 
tote a du|dex one in its place. With the cylinder ^scapement, the 
tndn was 18,000, and that to the duplex was made 18,200 ; yet, not- 
withstanding this additional quickness of train, the same balance, and 
its spring, kept the exact same time as they did before ; which, in 
some degree, shows the superiority of the duplex over that of the 
cylinder ^scqwment The freedom and ease with which the balance- 
wheel gives impulse to the duplex pallet, and with such velocity or 
quickness of time, that less of the exertion of the pendulum spring 
was reqoired to bring the pallet back to get a new impulse. 

While Dutertre was engaged with Dr. Hookers "scapement, an ar- 
tiit in £n(^and, whose name is unknown, produced a ''scapement with 
die dead beat, which seems at that time to have been the great de- 
flderatom. JaUen Le Roy having got one of these watches, showed 
it to Sully in November, 1727, and told him that it was a 'scapement 
voy deserving of notice, 'lliiout mentions it as a "scapement of M. 
Flamenville, having two pallets of repose, and says, that it much at- 
tncted the attention of the English watch-makers, who had made it 
for three or four years. (See page 106, Plate XLIII. Fig. 26. of 
Us first volume.) With our workmen, it went by the name of the 
'icapement with the tumbling pallets. The axis of the balance had 
two semi-cylindrical pallets, whose faces stood in the same plane or 
centre of the axis : the balance-wheel was the common crown-wheel 
oie, the teeth of which got a very small hold of the face of the pal- 
lets. When dropping fitim the fiice of one pallet, a tooth on the 
opposite side dropped on the semi-cylindrical part of the other pal- 
let, where it rested during the going and coming of the vibration ; 
getting then on the face, it gave new impulse, escaping in its turn ; 
the pallet on the opposite end of the verge received a tooth on the 
senuUcylindrical part, and so on. After having been laid aside for 
some time, it was of late years taken up by several, who, no doubt, 
most have thought well of it. Among these was Kendal, a man of 
no common talents ; he transformed it into one having two crown- 
wheels on the same pinion arbor, the tops of the teeth of the one 
pointing to the middle of the spaces in the other, and with only one 
pallet, the diameter of the semi-cylinder being of any sise. (See Plate 
IX« No. 50.) About thirty years ago, or more, we had some watches 

1 
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made, having tumbling pallets, and, after a few years trial, gave thiem 
up. The principle of the 'scapement is good, as long as the parts 
of it remain unimpaired, and the oil continues fresh ; but the acting 
parts having such a small hold of one another, get soon altered, 
which causes a great deviation from the rate of time with which it 
first sets out. They cannot be expected to last long, unless with a 
diamond pallet, and a steel wheel of the hardest temper. Drawings 
of these two ^scapements being given, it becomes necessary to give a 
short explanation. 

Plate IX. No. 1. is one view of the tumbling pallet ^scapement, 
where W W represents the crown-wheel, and A B the pallets. In 
No. 2. another view is given, where a tooth on the lower side of the 
wheel is seen, as escaping from the shaded or dark pallet B ; at the 
same instant, a tooth on the upper side falls just in on the cylindrical 
part of the light semi-cylindrical pallet A, and here the time of rest 
commences ; on its return, the face of the pallet presenting itself, 
gets, in its turn, new impulse, which is communicated to the balance, 
and so on. C D, No. 2. is a view of the bottom of the crown-whed. 

In Kendal's 'scapement, at K, No. 3. a few of the teeth of the two 
crown-wheels W W, are represented ; a tooth of the wheel, on the 
right hand side, is seen just escaping from the fiice of the pallet pp^ 
after having given impulse to it, and a tooth of the wheel on the 
left hand falls that instant on the semi-cylindrical part, and reats 
there imtil the return, when the frure presenting itself, it, on that 
side, gets impulse in its turn, and so on. 

The free or detached ^scapement is that in which the greator 
part of the vibrations of the balance is free and independent of the 
wheels, the balance-wheel being then locked; when unlocked, it 
gives impulse, which only takes place at every second vibration. In 
Mudge^s detached ^scapement, the impulse is given at eveiy vibra- 
tion. The progress which has of late years been made in imj^oving 
the detached 'scapement has been wonderful, when we consider, 
that half a century ago, the name of this 'scapement was unknown. 
The first rude draught of any thing like it, appears to be that of 
Thiout^s, described at page 110 of the first volume of his Work, 
and shown in Plate XLIII. Fig. 80. which he calls, ^^ a ^scapement 
cf a watch, the half of whose vibrations appear to be independent of 
the wheel work during the time they are made.*^ ^' The hook B, or 
detentf a8 it would now be called, detains the ^sci^ement wheel 
for a short while ; see Plate X. No. 54. the balance, in returning, 
carries with it the pallet A, and consequently disengages the hook 
from the teeth of the 'scapement wheel, and leaves one of them at 
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liberty to strike anew on the pallet, and no on. Thii» 'scapcment 
cannot go without a sfinl or balance spring."" 

If the arm firom the pallet arbor had a pin to work in the slit of 
one of the detent arms, it would be greatly improved. Although 
the drawing of this ^scapement, which was given in Nicholson's 
Journal, September 1806, ia not exactly like the original, the prin- 
ciple of the ^scapement is, however, stiU the same. 

Peter Le Uoy'^s 'scapement is the next step that was made towards 
this invention. He contrived it in 1748, and, like Tfaaout's, it has 
hardly ever been made use of. Both of them have a great roooil to 
g^ to the wheel before it could be disengaged, and their arcs of 
ftee vibration are not of much extent. Berthoud informs us, that in 
1754, he made a model of one, which he gave in to the Royal Aca- 
demy of Sciences* Camus, on its being shown to him at that time, 
told him, that the late Dutertre had made and used such a "scape- 
flMBt, having a long detent^ and free vibrations. Nothing appears 
now to be known of the construction of Dutcrtre's, and Le Roy seems 
to have acknowledged the priority of it to the one he contrived in 
174& ** My thought or invention,^ he says, " was not so new as I had 
inaginod. Dutertre's sons, artists of consideraUe repute, shewed me 
very soon after, a model of a watch in this way by their late father, 
which the oldest Dutertre must still have. This model, very differ- 
ent from my construction, is, however, the same with respect to the 
end proposed.**" 

The detached "sci^ment in Le Roy's time-keeper, which was tried 
St sea in 1768, is very different from that of his in 1748. 

Berthoud, in his Trnitt dea Horohges Marifies, published in 
1773, has given, in No. 281, an account of the principle on which 
the model was made in 1754 ; and, in No. 971 » a particular descrip- 
tion of the parts composing it, which are represented in plate XIX. 
fig. 4. of that work. It may be somewhat interesting to lay before 
our readers what is contained in No. 281. ^* I composed,'' says he, 
^ in I7M9 A ''scapement upon a principle of which I made a model, 
in which the balance makes two vitnmtions in the time that one tooth 
only of the wheel escapes, that is to say, the time in which the ba- 
lance goes and comes back on itself; and, at the return, the wlieel 
escapes and restores, in one vibration, the motion that the regulator 
or balance had lost in two. The "scapemcnt wheel is of the ratchet 
aort, whose action remains suspended (while the hcUance vibrates 
frtAy) by an anchor or elide, fixed to an axis carrying a lever with 
a deer'^B foot joint, the lever corresponding to a pin placed near the 

centre of the axis of the balance. When die balance retrogradesi tlit* 
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adend m differing rery materially from thoee of Berthoud. This 
^sc^Mnent in podcet-watehes may sometimeB come under such cir- 
comatancei as hare been noticed with TyrerV or the duplex ; but no 
other can well be admitted into box-chronometers, whether it is made 
in the manner of Arnold's, or in that of Eamshaw^s. In this ''scape- 
ment of AmoU^s (see pUte IX. No. 51.) that part of the face of the 
paDei, at the point or nearly so, on meeting the cycloidal curved tooth 
to giTe impulse, rolls down on this curve, for one-half of the angle, 
and in the other goes up ; or it may be thus expressed, — the curve 
goes in on the pallet for the first part of the impulse, and comes out 
dming the last In making this curve too circular near the point o( 
the tooth, as has been done by some, when the drop is on the nice 
side, the pallet has to turn a little way before the wheel can move 
fiirwaid, which has sometimes caused stopinng ; but where attention 
is given to the proper form of the teeth, this is not likely to happen. 
In that of Eamshaw's (see No. 62.) the &ce of the pallet is oon.^ 
iiderably undercut. Here, the point of the tooth will slide up for 
the first part of the impulse, and down in the last ; in the first part 
of its action, it seems to have little to do, and may acquire some ve- 
kcity in order to overcome the part it has to perfi)rm in the last* 
vhidi perhaps may be deemed a consideration, or property of some 
▼she. The fiice of the pallet being undercut, had, from experience,, 
been fimnd requisite, ob is said^ in order to prevent cutting or wear- 
ing. In Berthoud^s box-chronometers, or time-keepers, the face o£ 
the paDet is made straight, or in a line to the centre. One of them, 
after twenty-eight years- going, the greater part of which was from 
Europe to India, and in the Chinese seas, was put into ouz hands, and 
neither the face of the steel pallet, or that of the steel detent, had the 
least appearance of being any way marked. This was the more re- 
markable, as the wheel was uncommonly thin. It must have been 
made of very fine brass. The wheel had ten teeth ; the ratio of the 
diameter to that of the roller or pallet was .530 to .340 : thebabnce 
wei|^ied,174 grains, and made two vibrations in a second. The ba^ 
lance was suspended by a short and very weak piece of pendulum 
spring wire, which had been broken by some accident before we got 
it The length of the suspension spring required to be .9 of an inch, 
and so very delicate, that many were made before the chronometer 
could be bought any way near to time. It seemed to have more in- 
fluence during the adjustii^ of it to time, than any spiral spring 
ooold possibly have. From being confined to a certain length, it gave 
a great deal more trouble in the operation, than otherwise it would 

have done. • 
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The balance of a marine time-pece, when suspended in this way by 
a very delicate piece of pendulum spring wire, will admit of bdng 
much heavier than of that whose pivots rim in bottomed holes, and 
rest or turn on the end in one of them ; because all the friction 
which the pivots of the suspended balance have, is only on the e^^es 
of the friction rollers, and which is very inconsiderable. As here, 
each of the balance pivots turned between three rollers, which were 
more than one inch in diameter, and firom them and the suspension 
spring perhaps arose that ease and freedom in the motion of the 
balance, in come^pmice of which the balance-wheel teeth had little 
to do when impelling the roQer or piMrt; tfaifl mmf hsve hetn 
one cause why the pallet face was not cut or marked. It may be ob- 
served, that it had the common spiral balance spring, and a compen- 
sation consisting of two laminse, or Mades of brass and steel pinned 
together and rivetted ; and, in the moveable end was a screw, which, 
by its connection with an arm in which the curb pins were placed, 
served to regulate for mean time : three screws in the edge or rim of 
the balance were also used for this purpose. 

When the diameter of the pallet roUier has a considerable propor- 
tion to that of the wheel, the angle of 'scapement will be less, and 
the hold on the face of the pallet by the wheel-teeth will also be less ; 
but the impulse given will be more direct, and the change of stopping, 
from any counter-action by external motion, will' also be greatly les- 
sened. In this angle, more must be included than that which is 
made from the drop of the tooth to its escj^ing the pallet. The 
angle of ^scapement is included between the point where the tooth 
escapes from the main pallet or roller, imd the point to which the 
lifting pallet comes in returning, afler having passed the liAang 
spring. There can be no ^scaping, unless the lifting pallet has pas- 
sed the lifting spring ; it is then again ready to unlock the wheel; 
It is desirable that the unlocking of the wheel should be made with 
the least possible resistance to the vibration of the balance, whidi is 
attained by having the end of the lifting pallet as near to the centre 
of the balance as is consistent with its getting such a hold of the 
lifting spring, that, in its course^ it can readily and easily bring oat 
the detent from locking the wheel. The hold of the tooth on the de- 
tent should not be more than the hundredth part of an inch ; in some 
cases this may be even too much : but, in doing thb, the supfde^ 
mentary angle becomes greater, and increases the angle of ^scape^ 
ment ; and, therefore, it may be proper to have the lifting pallet a 
little longer. A little additional length will greatly reduce the Mgh 
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of ^tcftpemeni, and not much increase the evil of a greater resistance 
lo the vibrations of the baUnce. 

In a boz-chroDometer^ where the babnce-wheel has twelve teeth, 
and the whole angle of "scapement is to be 60 degrees, it is required 
to find the ratio of the diameter of the wheel to that of the roller. 
The suj^Iementaiy angle being taken at 15^, the angle of impulse 
■nist then be 45°, which is rather wide as otherwise ; but it will 
be leas than this, when the thickness of the points of the teeth, and 
the spaces for drop and escape, are taken into computation. Now, 
30(K', being divided by 12, the number of the wheeUtecth, gives 30^ 
tat the quotient, and, when divided by 45, the number of de- 
grees finr the angle of impulse, the quotient will be S''. The diame- 
ter of the wheel is supposed to be .6 of an inch, to find that of the 
roUer, say, as 12 : 6 : : 8 : 4. Four-tenths of an inch is the diameter 
leqoired for the roller, which will give somewhat less than 45^ for the 
an^ of impulse. The diameter of the roller may be found in ano- 
ther way, sufficiently near for practice. The diameter of the whed 
is .6 of an inch, or .600 ; then say, as 113:355: : .600: 1.885, this 
last being divided by 12, the number of the wheel-teeth, gives for 
the quotient .157, the distance between the teeth. This distance, 
taken as a radius for the roller, would give GO"* for the angle of im- 
pulse ; about one-fourth more of this added, will give .300 for the 
radius, so that the angle may be about 45°. 

Nothing should be overlooked which can contribute to make the 
balance unlock the wheel with the least possible resistance. When 
the wheel is locked by the extremity of the teeth, it must be easier 
unlocked than when the locking is at a less distance from the centre. 
The unlocking cannot be done easier than with such a wheel, for a 
detached ^scapement, as was contrived about twenty or five and twenty 
yean ago by Owen Robinson, (see No. 53.) a very judicious 'scapo- 
meot-maker in London, who worked long with the late Mr. AmokL 
This wheel is like that for Tyrer^s 'scapement. The long teeth of 
mrrite rest on the detent, and the upright teeth give impulse. It is 
efident that the unlocking with such teeth must be very easy, when 
compared with the teeth of those wheds which are made after the 
ordinary way. 

Lest what haa been said concerning the principle of a detached 
^waifement may not be sufficient, we shall endeavour to describe the 
*acapement itself, such as it is at present commonly made, so as to 
ffwe an idea of it, and of the manner by which it acts. The b»- 
lanoo-wheel of a pocket chronometer has frequently fifteen teeth, not 
very deep cut, and a little undercut on the face ; a notch, cut in a 



348 DETACHED "sCAPEMENT. 

round piece of flat steel or roller, which is thicker than the wheel, 
forms the face of the pallet. Sometimes, or rather frequently, a 
small piece of ruby ,or sapphire is in^rted into the notch at the face 
of the pallet, for die wheeUteeth to act upon, so that no wearing may 
ensue. The ratio of the diameter of the wheel to that of the roller, 
is that of .425 to .175. When the wheel and roller are in their 
places, the wheel supposed to be locked, the roller must turn 
freely between two teeth, having only freedom to do so, and not much 
more. From the centre of the roller to the point of one of the teeth 
that next the last escaped, let a line be drawn at a tangent to this 
tooth ; on this line is placed the detent and lifting springs. The 
detent piece on which the wheel is locked, is a small Hi of fine stone, 
either ruby or sapphire, set into steel, formed into a delicate spring, 
of such a length as to be equal to that of the distance of two or three 
spaces between the teeth, with a sole and a steady pin at one end of 
it, which must be fixed to the potence*plate by a screw. This is 
what is called the detent springs the end of which goes within a 
little distance of the circle described by the extremity of the lifting 
pallet. On the left hand side of the detent spring, is attached ano^ 
ther, called the lifting springs which cannot be too delicate, but is 
made a little thicker towards the outer or lifting end than any wh^e 
else. This end of the lifting spring projects a very little beyond that 
of the detent spring. On the arbor of the roller and balance, and 
placed near the roller, is twisted a short and thick steel sodiet, in 
which is set a bit of precious stone, the face of which is made flat, 
and nearly in a line with the centre ; behind, it is chamfered on to- 
wards the point, and made rather thin than otherwise. This is called 
the lifting pallet. The length or height is made so as to unlock 
the wheel to the best advantage, that is, by only canying the detent 
a short way beyond the unlocking. This excursion is to. be confined 
to as small an angle as may be. Near to the detent piece is fixed a 
stud, in which is a screw to regulate or adjust the depth of the de». 
tent into the wheel-teeth. The point of the screw should be har- 
dened, and have a part of the ruby detent to rest upon it, when the 
detent spring presses that way. In Eamshaw's way, the detent 
spring presses against the shoulder of the screw m. (See No. 58.) 
When the balance is at rest, the face of the lifting pallet n is very near 
to the outer side and end of the lifting spring. If the balance is 
brought a very little about to the left, the lifting pallet will pass the 
end of the lifting spring. On the balance being now turned towards 
the right, at the mq^ent of the wheel being unlocked, the face er 
notch of the main pallet or roller presents itsdf to receive the ppint 
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of one of the teeth, and it impelled by it with oonnderaUe force ; 
Beanwliile the detent fidls agaiii to its place, and lodis the whed* 
The balance hanag completed this Tibration, returns ; in the re- 
toning, the ttftiBg pallet pushes the lifting spring eaaly aade, being 
no loBger supported by the detent spring when turning in this direct 
tion, — diat is, from die right to the left ; the detent is again ready to 
he disengaged on the next return of the balance, and so on. The 
woida right and left^ in this description, apply to Amold^s plan of a 
detached 'scapement, and must be taken on the contr a ry sides, when 
wpfi6ed toEamshaw's plan. It is usual to make the bending part of 
the lifting spring as weak as possiUe ; it should eren be made to 
come to its place, at die end of the detent spring, with no more fbroe 
than just to faring it there; the detent spring, boddes being also very 
weak at the bendii^ part, should hare that fiorce onljff and no more, 
wUdi win faring it to its banking or limits, and keep it there : the 
ciicnkr part of die detent nib being drawn from a point, that is the 
tt ia llest matter eccentric from its centre of modon, will tend a litde^ 
by means of the wheel-teeth, to keep it to iu place. When these 
qiringi hi^ipen to be a little st ronger than what has been suggested, 
it will diow a considerable diflEoence (of loss) in the extent of the 
sms of Tifaradon of the balance. 

Box^dmmometers are commonly hung on gimbals, the plane of 
the dial being somewhat aboTe that of die gimbal pivots; the brass box 
IB which the chronometer is fixed may be about an inch and a half 
deep, and this, like a short pendulum, must make many and quick 
▼ibtBtions, when affected by external modon, from whatever cause ; 
and whatever agitadon the dironometer may meet with, must, 
of covirse, naturally affect the motion of the balance in some de- 
gree. In order to correct or prevMit, as much as posriUe, die ef- 
fect of external modon reaching the balance, it might be proposed to 
have the box, in which the chronometer is jdaced, as long or deep as 
eoidd conveniently be adopted,— ^ay, from eightto ten, twelve or 
■Mm inefaes ; this would then be something like having a greater 
kngdi of pendulum, and consequently any vifaradons made by the 
box would not only be slower, but fiswer in number, and hence the 
balance would be less affected. Berdiond seems to have perceived 
the advantage of this, by having his marine time-keepers suspended 
or fixed in a h»g case or box, on account of the less number of vi- 
brationa it would make firom any external motion that might take 
place. In one of his marine docks, the brass case which contained 
it had a thidL pece of lead fixed to the bottcnn inside, in order to 
make the dodc hang steady on its gimbab; the case over all, from 
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the bottom to the top of the glass, was about nine inches and a half 
in lei^th, and the whole, when tc^etber, weighed sixteen pounds, 
three oimces and a half. The pivots of the gimbak were about three 
and a half, or four inches, or perhaps a little move below the plane 
of the dial, but, as thus placed, were in the plane of the balance, so that 
any pendulous motion the case might get, should be as slow as pos* 
sible, and have the least effect on the balance. A pendulum may 
be so fitted up as to give as few Tibrations, in a given time, as one of 
six times the length«r Having the rod extended above and below the 
centre of motion, a waght of 130 graina being on the upper part of 
the rod, at seven inches above the centre of motion, and a ball of 
480 grains, 'three inches and two-tenths of an inch below the centre, 
would require a minute to make fifty vibrations ; « pendulum to do 
diis in the ordinttry way, would need ta be fifty-six inches and a half 
in length. The weight of 130 grains being placed one indi and 
two-tenths above the centre of motion, the vibrations in a minute 
will be one hundred and sixty. The vibrations of a pendulum, one 
in<A and a half in lei^h, the depth or length of the box which usik 
ally contains our chronometers, ought to make above three hundred 
i4braiions in a minute, whidbi is six times the number that would be 
made, were they suspended properly in a deeper or longer case $ a&d 
'mirely , wh«i the agitation or the number of vibrations can be so much 
lessened, must not this also lessen its effect on the motion of the ba- 
lance ? Notwitltttanding what has been said, it is surprising to ob- 
aerve with what steadinesa marine time^keqpers in gimbals maui-> 
tain the horiaontat position, even while the ship may be pitching or 
xoUing with great foroR 

Our marine ct box-chxenometers are commonly turned upside 
^wB before they can be get at to wi^d up; and this motion of turn- 
ing them, howevcv Kttle the influence it may have on the motion 
ef the balance^ yet it may be supposed to have some^ which might 
be easily obviated, by making the wiuding up have place on the dial, 
thefiisee square beiag made to oome up as much above thesurfine, 
as just to allow freedom for the nuante^hand to pass freely be- 
tween the glass and the tqi ef the frisee square, n<Hr ong^t the heuv- 
Imnd to be put concentrio with the nunute-hand ; the custom of our 
artists doing so, has made any ineonvenicnoe attending it be ovcc^ 
looked. It is, howevet, obvious, that when the hour and minute*handa 
'art piMiiig Vog^Yta over the place where the second's eiide and ae- 
oond'^ hand are, that this assemUage of all the hands, to say the least 
of it, must create a degree of confiision at this time, and give more 
trouble to an observcv to take the time so accurately as he could 
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niKh to kaye it. Berthoad, Le Roy, ani others of the Preach ar- 
tists, always placed the hands of their chronometers separately, and 
ftom one another, for the raasoaa which hare heen staled, as well as 
for other views they had* logarding the drawing the calipers of the 
noTement of thea» wichiBes. 

The ddMhad Vapenent of Madge was oovtriTtd moie than sixty 
jtaMifo, if we may reckon from the year I766, when he diowed it 
to Berthoud, who was then in London, and who informs us that 
it had been made a considerable timo before. See Phue X. No. 55. 

This *scapement is composed of a wheel and palleta like thoso 
made for tike dead beat *scapement of a dock, only the wheel-leeth 
are not cni half the depth* On the veige or arbor of the palleta ia 
placed «n arm of some length, genendly a little longer than that of 
the paBela. l^e end of this arm is formed into a fork-like shape. 
On the axis of the balance is a short pallet, whose acting end may 
be of a smaB dreolarfonn, having the sharp part of the angles bhint- 
sd, coming a link way within the prongs of ^ fork, which alternate- 
ly acta, and is acted upon. There is also on the axis of the balance 
amsaD roller, having a notch in it. On the end of the arm ia at* 
tsdiedl a smaD steel piece or index, in a plane whidi may either bo 
above or below the prongs of the fork ; this index ia on the outside 
of the roller, when the free part of the vibration is performing, and 
prevents the wheeLteeth from getting away from the place of rest 
On die return of the balance, the index passes with the notch in the 
loDer to the opposite side ; meanwhile the short pallet gets into the 
ftric, meedng with one of the prongs, pushes it on a very little way, 
and thus disengi^es the teeth of the wheel fWim the rircular part of 
At paDet, where they rest during the free exeursieM of the balance. 
When diaengi^ed, the teeth get upon the flanchesof the pallet, and 
1^ impulse, which causes the opposite prong ef the fork to eome 
forward on the short pallet, and communicate impulse to it. Thero 
are two short piAiets, and the prongs of the fork lie in diflerent 
pbnea. The impulse in this ^scapemenl ia given at every vibratioB ; 
and it aeems to have performed uncommonly well in the watch whidi^ 
he made fbr her hte Mttjesiy Queofs CharMie. It is by no means 
suited for the execution of ordinary workmen, as it requires moro ad- 
dress than usually fidb to their shaie. The late Mr. Emery was 
much taken up with it ; and altlmugh he had a little success, and 
had the aid of a very excellent worfanan, yet he experienced consi- 
derable difficulties. It may be somewhat easier managed, by adopt- 
ing Lepaute^s mode of Graham's dead beat, which we have tried. Of 
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lale ftlus principle of Mudge^s has been adopted in many oommoifr 
pockeuvatchee. 

The foUowing is a descriplkm of the 'acapement, given nearly in 
Mr. Hiidge*8 own words. A» the balance or pallet wheel : B and 
C» pallets similar to dead-beat pallets in dock-work, from the centre 
of which, at D, an arm projects, having the forked ends a, 6. Upon 
the axis of the balance are the pallets d and e, which act and are act- 
ed upon alternately by the forked ends a, 6, of the arm D. Thepal- 
leH Cfd^.m well as die forked ends a, 6^ lie in diflerent fdanes, vis. 
Ail pallet d, and the projectiMi a, are in one plane ; whilst the other 
pidlet 0^ and the other projection 6, are in another plane, as repre> 
aented at 1. Upon the arm D, 1 and 2, is screwed the piece /, by 
means of which, and the lolkr gy the wheel is prevented firom being 
unlocked when the findked ends a, 6, and the pdleta d and e, are dis- 
engaged. TkU pi$ce is hft cui in No. 55. 

In 17929 a very neat and ingenious sort of a detached ^scapement 
was contrived by the late BIr. Howell, founded on that of Keadal'k, 
in whoie hands he had ocoarianjrequently /o aee i^, in whidi the 
wbed-teeth rested on the semi^lindrical part of the pallet, dniiq|^ 
a part of the going and returning vibrations of the balance, aa ha» 
already been described in that of KeDdaTs. 

In this of Howell's, afier impulse is given on the fiice of the semi- 
cylinder, and just before the tooth is ^t, a detent is presented to t^ 
oeive one of the wheel4eeth ; thislacksit,by whidiihe aotion of the 
wheels is suspended during the greater part of the going andietoiB- 
ing vibrations, the pallet being then fifee^ and independent of thewhaela. 
This ^soapement is composed of twg crown wheels, A B, A B, Plate X* 
No.£6.; onthesameinnicuiaibOTjpp, thepointsoftheteethoftheone 
wheel being opposite to the middle of the ^aces in the other. On 
the axis or verge of the balance R B, which stands quite dose to that 
of the balance or crown wheels, is a semicylindrical pallet, whoae 
diameter should be made according to the angle of the '*scapemeni 
required, which will also r^nlate the distance of the wheels firom eadi 
other. The pallet is put near to the ooUet on which the balance ia 
rivetted ; a small arbor at ib, having very fine or small pLvnts, is ran 
in so as to stand parallel widi that of the balanoe, and placed at aome 
distance outside of the whed^ ; but where a line drawn firom it, and 
passing at equal distances fitom or between the points of the wheel- 
teeth, when continued, shall fidl in with the centre of the babnoe. 
On this arbor is fixed an am d li, at the inner end of which is a small 
S^ and index; on the verge or bahnoe axis, and near the lower end, 
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it a ibort pallet, and a rolkr ertmacting wMi the ibik and index, in 
imitatioB of Miaige^ acting in die sttne tray as has been described, 
bnt heie onljr in die locking and unlocking part Where the arm 
between the whed-teeth, which maj be at ninety degrees, or 
D where Mqr act on the pallet, ave find at d two detent pieees, 
each whed ; opposito t9 the inside am, and in the saase line 
» a part of it is piolonged bsysnd the sumII arbor at A, owtside 
ridi a smaD ball on the estiHae end by way of canntsirpoise, 
' where two screws 6 A, in lIxBd etuds not repnssnled, sefve 
f as a fasnking. It may eisily be c u aos i fad, Ifatt one of the 
ds bsii^ kdied, sttppose th^ on dm left, the balance, when !«• 
ang flmn the left to the right, will, by means of the diort pallet 
ftcfced arm, kc. carry dm detent away ; and» just as the point of 
the tooth is ftee, the fbce of the semi-cjflinder is psasenled, to meet 
with a tooth of the same whed and get impulse; botbefiirethbtoodl 
has nearly escaped, the other detent b ready to reesire a tooth of 
die opposite iHwd, and so on. This *scapcment gives an impulse 
St ercry Tibration, as is done in M ndge^s. In the tenth volunm cf 
die TrantaeHons of ike Soeieif Jbr ike Emmtragemeni of Arte^ 
4c. diere b a description and drawing of thb ^scapement It may 
be observed, that were the semi-cylindried paBet, dther ibced with a 
piece of predons stone, or made wholly so, the ^scapement woold go 
on fiir a consi d er a ble time withom fidling off. 

In die marine time-keepers which Mr* Mudge himedf had made, 
An Escapement b apparently on a very flattering prindple, which he 
bad s ng g es t e d as die means of improvement many years bdbre he 
pat it hi practice. Their good psHbrmance seems to have been mi- 
eqnalad; and it b singular that, notwithstanding dm efforts of diree 
sr torn tfilke best or ablest workmen that codd be got to the estab- 
BsfassaBt set up by Mr. Madge, jun. in order to put thb ^soqiement 
of Us ftdwrHi to dmeJceepers, which ^Aoy, die artists were employed 
to make, not one was ever prodneed that was at dl equal to the 
originds. This ^s c a pe m ent b, however, redly very complex, da- 
bosnte, and of course expensive in making; yet, when once executed, 
it wiD be permanent in its eflbet, i»d lequiie^no after sdjustment 
fihedw eommon detached one. After what ns happened, it is not 
Ekdy, however, that it will be again adopted. 

The basb of it b, that of the curious old crown whed and verge. 
In {dace of the verge bdng in on«, having two pivots, and the ba- 
hmce rivetted on it, let us conodve that each of the palleta of the 
verge has an arbor and two pivots, aftd thM the balance is on a douUe. 
kneed crank, having a pivot at the end of each knee, one if which 
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may be ealled the foot pivot, the other, the balance pivot ; the piece 
of steel from which this last is turned being in the collet on which 
the balance is rivetted. These pivots, and those of the pallet arbors, 
are in one upright line, coinciding and concentric with one another, 
having thdr motion, as it were, free and independent of each other, 
unless when, in their parts of the action of the 'scapement, the face 
of the pallets, in place of being flat, are hollow or a Uttle curved, hav- 
ing a nib at the edge to lock the wheel by. On the lower end of the 
lower pallet arbor, is an arm, projecting nearly as far as the bending 
part of the crank knee, in which is fixed a pin that acts on the inner 
aide, and near to the end of the arm, and is alternately acted upon : 
dose by the arm, and on the pallet arbor, the inner end of a spiral 
spring is fixed ; the outer end is in a stud, having a certain degree 
of tenfflon or bending up (in that direction which tends to bring 
the pallets down into the spaces of the teeth) before fixing it in the 
stud. The upper pallet arb6r has the same as lias been described to 
the lower one, and a corresponding pin in the upper knee of the 
crank. It may easily be conceived, that the length of the crank knees 
ought to be such as to allow it to sweep round and behind the crown 
wheel, its boundary or banking being that of the crown-wheel arbor, 
or its pinion arbor. When the pallets are not raised up, and the 
wheel unlocked, the tendency of the spiral springs is to bring them 
down within the spaces of the crown-wheel teeth. Suppose the up- 
per pallet raised up, and the wheel locked, the under one being in the 
reverse position, and the balance vibrating towards the right, the pin 
ui the upper crank will of course meet with the small arm, and, car- 
rying it on a little way, the wheel tooth gets disengaged ; by this, the 
wheel getting forward, the lower pallet is raised up, and the wheel is 
again locked. In the interim, the upper arm being carried on a few 
degrees, by means of the momentum of the balance in vibrating, 
bends up the spiral still more than what was done by the wheel in 
raising up the pallet ; the reaction of which, on the returning vibration, 
gives impulse, by means of the arm on the pin of the crank. The 
pin in the lower crank now getting forward, meets with the arm of 
the lower pallet arbor, carries it on, the wheel gets disengaged, and 
so on. This 'scapement cannot set itself off'; for, before this can be 
efiected, the plane of the balance must get sonic degree of ex- 
ternal circular motion. The balance may be said to be free in 
that part of the vibration, after the pin of one crank has left its cor- 
responding arm, till the pin of the other meets with its arm ; this is, 
however, so momentary, that it has no claim to the title of a free 
or detached 'scapement, as so railed by a disfinguished artist^ — a 
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luuBe which fineigii arCisU will dunk rslber an improper one. Ber« 
thood ttyiy it i« <Mie of the moft ingmioiu rematUoir 'scapemeiito 
hitherto known. The baknoe luid» on its arbor, two spirala or pen- 
dulum iqpringi, for the purpose of obtaining the most isochronous 
▼ibrations. Something in this way had formerly been proposed bj 
one of the Bemouillis. Drawings, and a more detailed desciiptioa 
of this ^sc^iement, will be found in the work published by Mr Tho- 
mas Mudge, junior, entitled, ** A deteripikmf wilh plates^ of Ma 
Time^Keeper invented by ike taie Air. Thomas If udge. ByTkomM 
Mttdgey kU mm. Lmidim, printed for the Author^ 1 799." The com- 
pHwation work in this, like efcry thing of Mudge*s, is ingenious ; 
thoi^h nodiing of this kind can ever be equal to that of being in the 
hilance itself* The train of wheels went contrary to the cwdinary 
direction, and we have no satisfiictory reason assigned for it. 

The foregoing descriptioii of this ^scapement of Mudge's may per- 
ksps be rendered more intelligiUe, by having recourse to the letters 
in Plate VI. Nos. 32, 33, which represent the 'scapement under 
dillerent views, the letters refenring to the same parts in both figures. 
A A, the balance-wheel; B B, the balance, the verge or aris of which 
C C, la a crank : F, the pendulum spring, by means whereof the time- 
keeper is regulated : G, the pendulum spring stud, which is screwed 
en the cock : H, the pendulum spring, which is acted upon by the 
compensation pieces : I, the stud which is screwed on the \xpfex 
plate: D,aeApiw, and£, bfiljWte two compound pieces, which com- 
municate the motion from the balance-wheel to the balance, and con- 
fist of the following parts, viz. the projections or pallets / m, which 
sre acted upon by the teeth of the balance-wheel, and were made of 
blade flmt in the original time-keeper, but they may be made of 
ruby, saiq>hire, or other hard stone ; a and 6, steel arms, which act 
nfon the pins c^dct the balance crank ; e and /, the impelling springs 
which are attached to the arbors of the pallets at the inner ends, 
and to the studs ff and h at the outer ends ; t and Ap, small screws 
which fix the palleU to the arbors by means of the damps or pieces 
of sted 1) and £ ; 1 and 2 are separate views of the pallets and their 
^ngs. Having mentioned all the parts of the "scapement, we shall 
now attempt to describe its action. 

When the balance-whed (ae appemre in No. 33.^ has raised the 
pallet /, this is kept from going any forther by the hook at the end 
of it, motil the pin rf, in the crank, meets the arm 6 ,* for then the crank 
will carry on with itself the arm 6 to the end of its vibration, and at 
the same tilne, the tooth of the whed will be disengaged firom .the 
above-mentiiMMd book at /. Afterwards, as the crank returns, the arm 
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.}, actuated by its spring /, will communicate ah impulse to the' 
crank, and soon after its crooked part will come to rest against one 
of the teeth of the wheel, which again raises the pallet /. With re- 
spect to the balance-wheel, as soon as its tooth is disengaged from 
Ae pallet /, by the means above stated, it raises the pallet m, which, 
6n the returning vibration of the balance, is, l^ the pin e, acting on 
the arm a, carried on in a contrary direction, after the manner men- 
tioned respecting the other pallet ; and thus the springs attached to 
the two pallets, alternately give their auxiliary aid to the vibrations 
of the balance. 

' It may perhaps gratify tSie reader to have Berthoud*s observations 
on this 'scapement.-^^^ The assembll^ of parts in this ^scapement 
may appear seducing; however it is to be dreaded, that a mechan- 
ism so complicated, and the adtion of whose parts is so delicate, can- 
ncft be easily put in practice ; for it requires an extreme niceness of 
Execution to make their effect sure and certmn, such as the stop for 
the pallets, to make the alis of the pallets coincide exactly with that 
of the balance, the pallets of the remontoir increasing the friction of 
the regulator ; two pivots of these pallets are constantly in action dur- 
ing each' vibration, which comes to the same thing as if the balance 
had four pivots, &c.^ 

** We shall observe, moreover, that the regulator of Mr. Mudge is 
composed of four spiral springs, two for the pallets, and two for the 
balance ; and these ought to procure isochronism ; for it is mdispen- 
sably necessary, that, in a portable machine, the oscillations of unequal 
extent df the balance should be isochronous ; now, if they are so, the 
mechanism of the remontoir is of no use, and, if they are not so, the 
watch will vary, nottcithstanding the retnontoir, when, from agita- 
tion or shocks, the balance shall describe greater or less arcs ; and al- 
so when these arcs shall vary either by the friction of the pivots, or 
by a change of force in the spirals by heat or by cold.^ &c. 

Although the balance in pocket-watches may be put tolerably near 
to the equilibrium, yet many drcumstances contribute to make them 
go unequally in different positions, such as in hanging, laying, &c. 
which require time, and give a great deal of trouble before they can 
be oompletdy corrected. In order to get the better of this, Breguei^ 
an emin^it watch-maker in Paris, contrived a 'scapement, which, 
with the pendulum spring stud, revolved round the centre of the ba- 
lance cmce every minute. By this means, whether the balance was 
in equilibrium or not, the going of the watch was little affected by it, 
ts every part of it was up and down in the cfourse of a minute, which 
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cp i iiptiBMlad aay went tf Mjnilibriiim in it Tk» camrivaici is 
HWfdy Bjflp li aw i by Beriiaiid is hit Hukdre, m be did ttol tbink 
tafaoidf ac liberty tt> giff# any deieripti«i of it^ mce BiAeguet bad a 
pateDt or hrmoet fintenUmi m sake ibon. Vit bava been inform* 
ad tbat tbe aaaw aoflC of ih&ig bad beni made befoeby tbakua Mr^ 
John Anmldt UP wbom BMgim bad aaknavladgad bsfing copiad tbo 
iaTcntioii from bim. 

Thoaa wbo wiib Ibr flarthar mformtion letpacting 'seapemeata, 
may eaaaak TrmMtawkg^riBi par M. Tbioirt. HitMre de la 
Mkur9 4uTemp9^fstliL.i.Bn^%ML AM the Tranamcthfu of 
lk$ Smieig /or ike €t900knig0mmi 0/ Jri§p Commerce^ <|v. 
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CHAPTEE IX. 

Oft C^mpmmUitm Cwfim^ wid Baianoe§. 

CojfMiraATUni againat tba oAet of beat and ooU in amo^kaaperst 
b eertaiidy one of the greatest ianprcnremeDts that baa bean made. 
Witbout thia, tbey woold have been £v from keeping time, and 
aauld bsfo Taried oontimiaUy with the temperature of the atmoa- 
phcm, m dmt no fixed or aetded rale could haTe been obtained. The 
datacbad ^aaapeoMnt will show thk more than any other ; far, if there 
11 no cottpanritbia to it, the walob will vary nearly thirty teconda 
in Iwenty-fiMii bouM. The infloeooe of oil in the cylinder "scape- 
nmna baeomiu in itself a sort of compensation, and tba eiect of 
ckangaa of taasparatuva is much km obtions in it tlum in the detach^ 
ed^saapemant. Tbevdiai^ery great raaaoa to believe, that Harriaonwaa 
fbe fim wbo Implied a compensatiaa ; hsl there ia no written documanta 
fo wamnt ua in ascribing to him the hononr of the invention, to 
wUch, bowifraa, we think be baa a. just title* Some very imperfect 
binta thrown out by Martin Folkes, Esq. President of the Royal So- 
caaqr«*boiit 174(1, of Harrison hairing aoaMmaobanism af this sort to 
Ac tbaaa tana-piaam made prior to m fMrtb, which gained the reward 
^oied by Paittaasant; bat aa no dcaeription of this wm ever pnbliab- 
ad, Aa Fitdcb artiste bavt had it is their power to daim the priority. 
faHmawsu'a fatirdi machine, it is kaowMthat die oompensation-piece 
traa campoaed af lamfaua of kvam and ated pinned and rivetted toge^ 
ihu in aevtiil plaosa. Pcrbapa those ia the tlmo firmer difiered 
MMia or aacbiag firam thia* 
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The first pocket-watch made m Europe with a compensation 
was by F. Berthoud. It was b^un in 1763, finished the begin- 
ning of 1764, and was sold in London, in 1766, to Mr. Pinchbeck^ 
for his Britannic Majesty King George the Third. The compen- 
sation was effected by laminae of brass and sted pinned together, one 
end of which being fixed to the potenoe plate ontode, the other act- 
ed on a short arm projecting firom a moveable arbor, — a longer arm 
having the curb pins in it, which were made to move neariy in the 
circle of the onter coil of the spiral spring. It had a common crown- 
wheel and verge-scapement, and a going work in time of winding. The 
balance was so heavy as to set, that m, if the balance woe brought 
to rest by the finger^ it wouM remain «o, tiU set off by a circular 
motionj being sixteen grains in weight, and the vibrations were 
four in a second. Mr. Kendal adopted this mode of compensation 
in some of his pocket-watches. See Fig. 4. Plate XVI. of Ber- 
thoud's Hietoirej 4r^. 

Mudge, some time before the year 177^) m/Aid a watch for Mr. 
Smeaton, in which the compensation was effected by two long slips 
of brass and steel soldered together ; being afterwards dressed up, 
the united piece was coiled or turned up into a spiral, as dose toge- 
ther on the coils as to be free, and no more. The inner end was 
fixed to a circular curbed toothed wheel ; a short portion of the outer 
end had a sort of pivot formed on it> bent in the drde of the 
outer coil, and supported by a small stud fixed in the curb wheel, 
having fireedom to move easily in a hole in this stud. At this end 
were the curb pins, betwe^ which the spiral or pendulum spring 
played; the e£Bsct of heat or cdd on it was counteracted by the spi- 
ral compensation piece. The 'scapement of this watch was the cyliA- 
dzical or horisontal one ; and so luig as the oil kept dean and fMiy 
the compensation might be useful to it. In 1774, wemadeoneor two 
of the same sort of compensation^cttrb work for horiaontd watches. At 
that time no better kind of ^scapement and compensation were mudi 
known, at least so fSir as came under what was then in the common 
practice. 

Notwithstanding what has been already mentioned, it may be pros- 
per to observe, that an artificial compensation against the eflbcts of 
heat and cold pn the pendulum spring, can be of little or no use to a 
watch having the cylinder *scapement, unless for a short time, while 
the oil is dean and fresh on the cylinder. From the nature of this 
^scapement, and the oil which is requisite for it, it possesses in itself 
a kind of natural compensation, as we have mentioned before. This 
is quite otherwise with the free or detached 'scapement, which is more 
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perfiBCt and independeDt of oil ; for the effect of heat and cold on the 
pendolnm ipraig in it are to immediately obrious, as to show that it 
cannot do wdl without an artificial compensation to correct those 



For the trial of Le Roy's time-keeper in 1768,a voyage was underta- 
ken on purpose, the particulars of whidi were published by M. Cassini 
and M* Le Roy, jointly in 177^9 accompanied with drawings of that 
time-keqwr. Le Roy, in the same volume, gives a compensation ba- 
knoe, which is pretty nearly like those of the present day , only the lami- 
Bse are pinned together, in place of the brass being melted on the steel, 
Si la done by our ardsts. The compensation of Le Roy's time-keeper, 
however, was not of this kind. It consisted of two glass tube ther- 
MMBeters, bent nearly into the form of a parallelogram, with a smaU 
ball to each at one end ; the other open, and filled partly with mer- 
corj, partly with spirit of wine : these were fixed to the axis of the 
balance opposite one another ; the balls lay very near to the axis. It 
would appear that Le Roy had not thought of a metallic com- 
pmaafimi, until the return of his time-keeper from the voyage. 
He had taken the idea of this firom getting an account of Harrison^s, 
whidi was sent to the Royal Academy, signed by Ludlam, who was 
one of the scientific gentlemen appointed by the Commissioners of t h 
Board of Longitude, to take Harrison^s account of his time-keeper» 
pievioua to any part of the reward being paid to him. 

In a Life of Peter Le Roy, the son of Julien, the method of com- 
pensation is erroneously ascribed to that artist's father, ^* to whom we 
are indebted,^ says the writer of the article, *' for the method of com- 
pcBsating the effect of heat and cold on the balances of chronome- 
tcr^ by the unequal expansion of diflerent metals. ThU effect takes 
piace ckiefy on the pendulum epring^ and a plain balance is very 
UMe <^ecte(,— -a discovery which has been brought by our English 
aiciats to a state of great perfection, although it had been laid aside 
fay the inventor's son Peter.*" 

It ia difficult to understand how this mistake should have been 
committed ; for the following account of the discovery, given by Peter 
Le Roy himself^ is in direct contradiction to the preceding state- 
rncnt. But, to aUow the reader to judge for himself, we shall give 
it in his own language. 
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he mm hftre hidt thii mmm « lUde cariom ; a#, we think, where 
iMie in • oomiilcle mpofmm^m ia ike farisnee, ii domt AmM be 
oiffci^iil; iml 4ie eurb piiM wonU tend (o diiturib the p^*M»vhim 
ipring mtker tfaap giTeapy aid to die nempmimhnn. The more free 
the pflndrinin fpring is, the ohaace ii mora in iivoui of good pef- 
imwiee ; and this i$ mam Ukely to be the cue, whea the eospea* 
Htitm haknoe it nippoaed te be fit aad coaqieteat far what ia va- 
quired* In some of AinokPt bakneea, two pair ef Uunina^ were 
plicoi parallel te the diametrical anoi ; on the middle of each of the 
combined UaninflB was fuced a small wire, wUich came throii|^ the 
am qf the balance, oataide ef which, and on the end of the wires, a 
m$H ball was fixed to each. These balls were poshed out or drawn 
nmmds bjr changes ef tempecatme. The arguments given in favour 
of sndi fadaaoeB, as those rf Eamshaw's, which are turned first OB the 
lUsel* and again on tbe brass, after being melted on the steel, are 
Cfftainly very atrong and oonvincing; indeed nothing can well be 
Hid against them x yet there sppeasa to be e degree of softness in 
mdi a bdamoB, that cannot exist so readily in diose where the lami- 
BW are set or turned . up by hand* lliere is undoubtedly a great 
ital mere tiawMe in making die hwt ; and dmugh it has been said, 
that Aey oam^ be true or round, when aoade in this way, yet we 
We seen aomue of those done by Owen Robinson, as round and true 
m any tnsning eouid make them, and possessing a degree of stiUhess 
that cannot be supposed to have place in the other : they have been 
cen UBsovewed, or taken to pieces, and again put together, without 
dtensig the v^e of the ehiniiemetar. After all, ve are not aware 
that chnonasaeters, with die one Ipfamee, perfiirm better than those 
vilh the ether. 

Il wuf be observed, that on the son of dM turned balances, which 
is asparated into two, there are small pieces of brass, made to slide 
backward and forward, according as it may be found requisite, when 
pidsr the pmoess of adjusting for heat and odd. In the other, this 
is dene by aceewiag backward and forward the pieces g£ brass or 
ytld, wipidi turn iqpring tight on smidl ta{^ied parts, formed at the 
9mHm cad o£ the stsel Uoninse, and are bait or set in ||ie same circle 
widi them. Both balances have what are called mean-time screws, 
phoad in die vertical line of the hanging potttion, whidi serve with 
odur mimuie operaUam to adjust them to their rate of time. We 
^e seen, and made compensation-balanoes with three frms, three 
coBBponnd^picces, and three meantime sceews, wfaidi were stiff, and 
aneweeed very well. 
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Plate X. No. 57, represents the compensation balance of Arnold ; 
a 6 is a steel rim, on which three pieces are put so as to slide here 
and there, in order to adjust, in some d^;ree, the equilibrium of the 
balance; c care pieces of gold, which turn spring tighten the tapped 
parts formed firom the ends of the steel laminae ; e e, are small screws 
put in through the compoimd laminae, serving to adjust for small 
difPerences, as the mean-time screws, d cf, do for greater pordons of 
time, &c. No. 1. is a side view of the balance. 
' No. 68 represents Eamshaw's compensation balance ; d d, are the 
brass piecea having a groove turned in them, by which they take in 
the compound rim of the balance, and can be made to slide back and 
forward on it ; c c are screws which fix them to the rim, after the ad- 
justment for heat and cold is completed ; a a are the the screws 
which adjust to mean time. No. 1. is a side view of the balance. 

A compensation balance of Berthoud^s is represented in Plate X. 
No. 59. A B is a plain circle of the balance, from the inner part of 
which, a sort of contrate rim is formed, so as to receive at a, b, and c, 
the compound laminae e d, edy ed; the ends e of these laminae are fix- 
ed upon the heels or parts reserved of the contrate rim at a, 6, c, by 
the screws e. The ends that are free carry the compensation weights 
C,D,E. These weights or masses are fixed on the compoimd laminae, 
each by a screw and two steady pins. By this disposition of the ba- 
lance, when these masses are put of such a weight as to regulate the 
chronometer to time nearly, the balance being in equilibrium, if the 
compound laminae are well executed, the balance will keep its stat^ 
of equilibrium, although the masses recede firom, or approach toward 
the centre of the balance by changes of temperature, and the eflTect 
of such a regulator will be as invariable as if the balance was a plain 
one. The plain circle of the balance carries three small jnecea of 
brass or gold, d, ci, d, which serve to regulate the chronometer to the 
nearest, in giving them more or less of weight. 

Plate X. No. 60, represents the outside of the potence plate, B B, 
of the wheel-work frame ; it carries the balance and mechanism for 
correcting the effect of heat and cold on the pendulum spring, 1, 8, 
8, 4, the top garts of the pillars by which the frame is pinned toge- 
ther ; C C represents a plain balance ; but in this case it may be sup- 
posed to be a compound or compensation one. D, £, is the cock for 
the balance, and also for the lever, in which are put the curb pins for 
the spiral spring ; the sole D is fixed to the potence plate ; E being 
the cock for the arbor of the lever arms, which serve to move the curb 
pins, / is a part attached to the upper side of the small cock E, and 
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canM die lower piyotof the balance. The doaUe cock, D E, b seen 
in profile. D E is the first cock, which is attached to the potence 
plate, the end e receives the pivot e of the axis d e, of the lower curb 
pin arbor, the pivot d enters into the hok d of the second cockE, d; 
the arm 6, or pallet of the curb pin lever a 6, is that upon which the 
screw of the compound lamiosc acts, the arm a carries the box or piece 
CO, in whidiitis slit at o, forming kind of pins for the spiral to pUy 
b e t wee n . It is the motion of the part a which forms the compensa- 
tion in rendering the spiral spring longer or shorter, the small part/ 
of the cock receives the pivot of the balance. The axu of the ba- 
lance passes through the hole of the axis d e, which is formed in the 
Banner of a canon, above the piece /, which may have either a brass 
sr a jewelled hole in it, should be jdaoed either a diamond or ruby 
far the end of the balance pivot to work on ; it will be the bwest 
vhen the watch is placed hoiiaontaUy, the dial upward, a 6 is 
the lever or arm for the curb pins, and 6, the one on which the 
new e of the compound laminse db acts ; G H is a cock with diops, 
between whidi the compound laminse are fixed, d 6 is a small and 
ddicate qning which constantly presses the arm h against the point 
of the screw c. The spiral spring must be placed quite near to the 
balance C C, and above it. The cock E lies above the spiral, so as 
the curb pins may come so tu below as to take the spiral between 
them. 



CHAPTER X. 



On the Balance Spring of Watchei and ChrxmcmeierB^ ecmmonljf 

called the pendulum spring. 

Tu invention and application of the spiral spring to the balance 
of a watch, is, by the foreign artists in general, ascribed to Huygens, 
iHnle they admit the idea of a straight spring having been, bng he- 
five this, applied by Dr. Hooke. It was in 1658 that Dr. Hooke 
obaerved the restorative force of springs, when he put one to the ba- 
lanee of a watch, and applied for a patent to secure his right of in- 
vention. The profits were to be divided between himself, Sir Robert 
Morvjr> Mr. Boyle, and Lord Brouncker. It was not carried into 
eftct, in consequence of a quarrel between the parties, on account of 
a very unreasonable demand on the part of these gentlemen. Nor 
was it till 1674 that Huygens claimed the same discovery. Hooke 
diarged Huygens with jdagiarism, through the intervention of Mr. 
(Mdenburgfa, Secretary to die Royal Society, who communicated to 
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1;;^^ re^t0r« /of l)|i^ IB^ety wb^^JiQ w»9 m V^at^v^A^ And alio 
^ffffpes^ndei id|)i }iii» Mpp9 4b^ ^v^^Qt« In l$Qj», Sir Robert Ma« 
ifiy requests Old^pbur^ M tf U Hvygept tM tu^ W9l»ke» k^d aU 
i^y boeii mi^ in England* md to Aik bipt if Ii(9 d^%i npl appljr n 
Wr«^ q[wi«g to I)m^ hllane^ ^vbov f It m^ ^ ^fktd^ ^e^ had fib 
iMb^ri 8«en » ipk^l upriAg ? TI)9 imiml 4D9w^ ii, (bat W msi 
l^ave .«^» to in Ae hm^ of ]}^* J^k^f Tho 'DocUnff bovever, b^ 
for long kepi bis iny^ntion icKuiDiiw^y sf^r^t* md^ t eert of ai^swm^ 
1^ practice vhicb scwms ^ baye pi»v#ilAd i^bput (butp^riad wiib (things 
-rrin this way, the letters of which iw^p ^iiincifii^ ^ t tuuy that 
ifb >t4l tmm w via, or Ibe pow^r of #x»y ^ring ia iu the same pn^* 
portion wilh the tension tbereof . 

As Aiontuela appears to he the .o«]|y foreigner who aUows the in^ 
leaotton and application of the balaoo^ spiaal faring to Dr. Hoi>he» 
w» flball. transcribe what ha saya w tha wliti^y ^om }m MUtoiro dc» 
MatbinuUiques. Tome IL p* .488. 

, ^^ A detail of the inventipna and of the new fivraea of Di. Haoke, 
would be extremely pndix ; oeaders must hav^ neoourae to biaiKumee 
tQO\ writii^y which witt justify tiip eulogiitts we have just now made 
him. We shidl here Qonfme jmnelrea tp. a mask of his sagacity : it ia 
the applicatiaa of the i^pidng to xsgulate the motion of watches* This 
indention, so fostunaku and «hich tt osdioarily asqrihid to Huygena^ 
appears to me to be legitimately claimed by Dr. Hooke. We aetii« 
ally find in the history of the Royal Society of London, (Part II. 
ch. 36.) among the titles of manuscripts presented to that Society, 
before it published its Transactiov^t we find what evidently con- 
cerns this application. Now this history appeared in 1668, sereral 
years before there was a question in France aboutany thing of the ki^d^ 
Dr. Hooke sliys that he bad made the discovery abput the year 1660 , 
(see Lectures on the Spring), and communicated it to Messrs Brounck- 
er and Moray, as a specimen of some more inventions that he said he 
was in possession of, and which must give the sohition of the finneua 
problem regarding the longitude ; but not being at one with these ges- 
flemen, on the artides of agreement to be confeticted between diem, he 
wiould not disclosehis 8ecret,so kept it, and cwriedit away with Imn. 
We shall remark, that wh«i Huygens published in l€T4 this use of 
ike spring, Hooke was very indignant at it. He raised a very shacp 
process against Mr. Oldenburgh, the Secretary to the Royai Sorietyy 
accusing him of collusion, and of making known to lean^ foieigB- 
ers, discoveries deposited in the registers of the Royal Society ; but- 
it was nowise necessary that CHdenburgh sboidd commk this in^is-' 
cretion, seeing that the inveoftion of which we speak, tuaospired ; fer 
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the booky quoted above, mpputti is FitMcb, oboiit the jew 1609^ 
and perhnpi k was ftom it that Hujrgwu and tlie Abbe HanttAsolQef 
vbo djtpwled this diatoverj in a eomt of Uw, took the fim idea ef il« 
Monsver, Hajgens had abeady been several times in England, and 
it is to be presumed, that during has residence there, he would car#» 
talkf get what inlbnnation he oeuld of all dM inventions of the learned 
of the countrj. Am to what Waller, in dM life of Hoeke, si^s, givii^ 
him also the right of the cjcbid to reader the motion of the pendu- 
hns perfisctly equals ihai is not wett founded. Thesv is nothing in 
the work that supports Waller, namely, the remavks at Hookeon Um 
Mafhina Cdestis of HeveUus, wbidi &vours the pret e n si on, they hav- 
ing to do only with the circulating pendulum,* which indeed seema 
may be justly daimed fiir Hooka. It is true, ftotmg the tides of 
vffiringn cited above, they tonoh at the application of the eyploid ; 
hit it ia probable that this writing is from Hiqrgcns himself, whowaa 
a member of the Royal Society, and who was at London in I66tk 
Moreover, we are warranted to think that Hodte was not so profound 
t Mathematician as to make a discovery of this nature.^ 

Being highly fiinroured, by a gendcman, a descendant of the 
QoUe fiunily of Kincardine, (to whose fiuher we had the plea- 
soee of being introduced, at a convivial party in the year 1788,) 
with the perusal of a large collection of very valuable MS. let« 
ten, about to be depotited in die British Museum, which embrace 
« ooBeqiondenoe between Christian Huygens de Zulichem, the celo* 
Ixated philoeopher and astnmomse, the £arl of Kineardine, Sir tUh 
lieat Msny , Load Brouncker and odiers, on a variety of useful and 
^lug^dy interesting subjects ; the fint of these letters is dated Septeo* 
Mmr lfi67, and die latest in 1673. Among other snigeots, illustrative of 
'tfie spirit and character of the tames, medicine, agrictdture, draining 
^if mines, snd other mechanical inventions, are introduced by the f»* 
ive writers. The letters relative to our subject were with I{uy«^ 
in die yean 1663, 64, and 66, eonccmiag what they caUad 
^^tfidtfir watches, which probably were no other than die old eoBMSois 
^watches, to which were applied a spiiBsl spring to die balance, at that 
period a new inventicm ; on the moNrement of these pendulM watdmi. 
mi^^t be su^i ss that of Huygens, Mpresented No. i4, Pkle Vllf. 
Lord Btonncker, dm HonounUe Mb. Boyle, f^d Sir Sohsrt Muiw. 



* ns«fatubtinrpm^Uiliia wi^ tw^phwed ^ Mhtkm JB^JkB ymygp c# iPwiwaliir 
jf^ bMn iiUiwlucc4 into ftefi^aHingiaM ai s rq^iUsWr for U^t fly. 
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rsjr, who were befibre tfaia, say 1660, in terms with Dr. Hooke, to get 
a patent for hU invention of the spiral spring and its application to 
the balance of a watch, but not willing to fiilfil their engagement with 
him, on account of a very unreasonable dause which they wished to 
have inserted in Hookers patent, with which he very indignantly re- 
fused to comply. The dause was, <' That t/* after I had discovered 
my inventions about the finding the longitude by watches, or other- 
wise (though in themsdves sufiSdent,) they, or any other person 
should 6nd a way of improving my prindples, he or they should have 
the benefit thereof, during the time of the patent, and not I T 

After having broken ofi^ ftom him, by the letters, they appear to 
have had a desire to have a share in this business with Huygens. In- 
deed the prindpal subject in the letters seems to be, whose name, or 
whose joint names, should be inserted in a patent proposed to betak- 
en out in Holland, France, Spain, Swedra, and Denmaric, what the 
amount of the share should be to Huygens, and what to them. 

The Earl of Kincardine, by a letter of his to Huygens, appears to 
have had a watdi on trial to ascertain longitude at sea, which hung 
by a ball and socket from the undernde of the ship^s deck, first tried 
in 1668 ; afterwards, being at the Hague, where he had occasionally 
been several times on this business, there seems to have been some de- 
bates between him and Huygens, as to which of their watches had the 
most likely means of doing the best ; and also explaining some misun- 
derstanding about terms, said to have formerly passed between them, 
legarding a patent intended to be taken out. About this time, it mp^ 
pears, by these letters, that several watch-makers had set to make up 
pendtUe watches^ to ascertain the longitude at sea ; among thenu a 
Mr* East is mentioned to have put two springs to turn a pinion in 
bis watch ; hut in what manner, or for what pttrpoeef ii is nai 
mentioned. We shall take the liberty to notice, by way of an anec- 
dote, that East was a watch-maker in Pall Mall, London, where 
there was a Tennis Court kept, which Charles the Second, whoi 
Prince of Wales, resorted to, and his stake frequently was an £d- 
wardus East, as his Royal Highness called it, that is, a watch of 
East^s making. From pendulum watches, the spiral or balance- 
spring has improperly got the name of the pendulum spring, wUch 
should rather be applied to the suspension spring of a dock pen- 
dulum. 

On nothing does ly^hnmometer depend so much, as the good qua- 
lity of the pendulum spring. Great, as the power of the rudder is in 
eontnMing and regulating the motions of a ship, it is not more ex- 
traordinary than that c^this spnng in regulating the motions of a 
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ehioDoineter, and we may be allowed to toy, thmi U poeeeeeee some^ 
thing Uke mtimble propertiee. It may be set to tf to make the mtL 
chiiiegofiwtorslow, in any posHion reqinred, wbfle nddier iCs length, 
nor the weight of the' balaBOe, are in any way altered. Le Roy 
thought that he had made a great discorery, and it must be granted 
to be one, whra be found ^* that there b in erery spring of a suiB- 
ciait extent, a certain length where aD the vibrations, long or short, 
great or small, are isochronous ; that this length being tofood^ if you 
shorten the spring, the great Tibrations wiU be quickar than the smaH 
ones; if, on the contrary, it is lengthened, die small arcs will be 
perfinrned in less time than the great ones.** 

Notwithstanding this condition of ntffieieni eartent^ the isochron- 
ous property will remain no longer than while the fimn of the spring 
is preserved as it originally was. Should the coils be more c omp rs a * 
fed or taken in, the long vibrations will now be slower than the short 
ones ; and, cm the contrary, if they are more let out or exteadWI^ 
the loi^ vibrations will be faster than the short ones. A WMre ge* 
oeral principle for obtaining the quality of isochronisa may be tsp^ 
plied, by making the spring act proportionally, far arithmetical pro- 
gression, according to its tension. Every #iw dq^rees of tension 
should make an equilibrium, with a |^ » m force or weight, of teil 
grains ; suppose, that is, 5, 10, Ui^99, be. degrees of tension, should 
be balanoed by 10, 20, 90, 40, 8ic. grains. To try small springs 
by this process, woold require a very nice and deficate instrument; 
The eircwMMKes of the properties of the spring, which have just 
■aw haen mentioned, were well known to Hooke. In order to ob^ 
Clin these properties in penduhim springs fer his time-keepers, Ber- 
tboud made them thicker, graduaBy, from the outer to the inner 
end ; our old English way is the reverse of this. Whatever may 
be the form of the springs, whether flat or cylindrical, the best and 
moat direct way is to try them in the time-keeper itself, by taking 
four hours going with the greatest force the main-spring can give, 
and then fimr hours with the least It is of consequence to have 
these springs hard or well tempered* 

*< M. Frederick Houriet of Lodi, an artist equally praise-worthy, 
under the double view of instruction and of morality, is the first who 
used spherical balance springs ; he has proved, in a memorial given 
in to die Institute of France, 9A of March, 1818, that this fbrm 
gives the most perfest isochronism, if made with pendulum spring- 
wire, of equal dimensions, through the whole of its length, and con- 
sequently, the easier to execute a balanoe-spring of it.** See Manuel 
CAronom^/nTtfe, p. 90, by Antide Janvier, Paris, 1821. 



We apinsdMVi^ <bM (1^ ^he9?e must bavi^ • epiml Hat-bottomea 
gp^j^A m JtQyJgtA iU qitlieprUe tto wii^ (wiiQt b^ i:isgularly appUed 
m it. Our fifJmM^ beU^ apriags hnv^ 4one «o well hidicrto, 
ibat very fi^ of pi^r chimpip^t^i^akerp^ we mi^pec^ will be indn* 
oed tP txy 9pfem$4 Jpii9g^ 3ff Honriei «[i#de a yery iogenioiis 
sort of ti[)ol, % tij^g ^ |«ef9bIWi^m of Mimce^qf^imgB. No 
pfify of it bus kMl^ b^M mt4« ; ii^ oalj 000 to be jseoi, it the 
f^^i^il}^ tfn^e lianiLiof Mf M« Bpreguot. By tapering a spnil 
fliowg iiiwijidayrofMfr^,lA#iiiiti»wiMBtod to bo a flat belix, it ought 
|o have the 9ime eSSf^ m Ao eyUndrieal bdiit made of pendulum 
sprmg wire, of an uniform breadtb ani l^cjcpoea ; but there ia ao 
iwoerfemtyJvitbo^qpietiM^i^ wbereae, in die cy- 

iiodrical btfoilliua nmh^ i w nt^rwm^ ie lU(oly 4p bo mote reitdily 
obiaiiiod, m mft^m/B^IMm^ has pbow» to bo tho ease* 

Thoif o]»g»god in mfiid^e w^ ^mg of fteroiiometerst m\m aee 
inany owofiB afid intepcwt^ Via 

tboBOf hoKever, who may not have ba^ m opyortunily jn tbat 
wfiff we obatt give two oJUHQpbw* <4 podlotHGjiKmoiaetfr <by ob« 
of (the eariieat a«4 ino6t eo^ent masterB,) was found to gp Areo 
minutes alow ^i 84 houra, when banging, a^d whim laying, Icept 
near to tune. The ^scapement bad rather too mi¥^b drop tot the 
tooth on the pallet, which bduag aot a little forward, to les^tt the 
cbrop, it waa now found to go three mpmntes fiow in 84 hours, who* 
dier hanging or laj^ng ; so that, in Ao ^eantipe^ 8ca:ews being pot 
hm^ ^ ^^^9 the chronomoitcr was brov^ht to time e^udly bangmg 
or laying. 

Another pocketrdirDnometer, made l^ a ^wy eai^tal artiat, waa 
found to lose fi^e soconda in 18 Imhidb io tbe hanging position, and 
to gain two seconds and a half in tbe same time whien laying: H oc»> 
ouired to our nund, that the pondulom qprii^ mmt be rather too 
jbon as .otbevwiae^ aoeUig l3»t the feng iribrationa were the quickest. 
7)ie faoo of the paBet waa set a tittle hack> 90 as the octent of the 
vifaratiofis might be leasenod 1 thia had tbe deaiiod effect ; for in 18 
hours hanging, it lost only half a Jmw^ mA iB tho aamo time, by<t 
U)ig, gained one Mcmd. 

Lot Aoiie who ana owousfor n^aoifob w tbia aobjoet»iiee. Hooked 
X^ystiifoi, ^ P^tmtia MesHMni^f or <tf %ri<^,r^£claircisHmana 
ij^i'lm^sdjon^ laTboorie, 1% Qonstnieion^ et ]oa Epreuvc^, &c 
^ do Ropenae fi w Eorit qui apomr titco: l^i^^eis 4as BecherehH 
fmtfi% m Frmu^ p9ur la det e rm mat iw^ 4e% ImgUui^s m Mtr^ 
par i9 Mature JkrHJUMifi 4f^ Temga. Nicb^aan'a PbUosc^hical 
Journal, vol XIY. Septmbar, 190«. 
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CHAPTER XI. 

Ok ike Jewelling tfPivd Holes in WaUMet, Chrtmomet^ta, ami Chiks. 

Ftoic the art of JeweDing the piTot holes, our duonometers umj 
te Mid to htve acquired a durability and character, which they 
VMdd not otherwiae have obtained. It must not tie Imaginedi 
diat th^ ia any time-keeping principle (st improTement in a jeweU 
kd hole more ihan in a brass one ; and, notwithstanding what has 
been iidd in tvfont of the lasi, few will be hardy enough to run the 
kitard of having the balance and balance-wheel pivots to run in brass 
holes, espediAy where the machine is desdned to be either a pocket 
W bta-dbtonomeier. It is very well known, that in a common verge 
Witch, where the balance holes are jewelled, its motion will be kept 
1^ <br a longei' tiine than when it runs in brass holes. The friction 
at ike balance hcJes cannot be supposed to be less than At those of 
die fiii^ ; for, in the time of one fourth of a turn of the fiisee, the 
habttiofe must make more than what is equivalent to 9000 levolutionst 
berthodd regretted much that he had not an opportunify of getting 
the pltot holes of bis time-keepers jewelled ; yet, firom that versali- 
Kty df genius which he possessed, he supplied admirably the Irant 
ti thia, in stl6h a manner that very few could have equalled or at- 
tained. Sotne of the balances in his time4caeper8 were made to 
give six yibrtdons in a second, while others gave only One. His 
munber eight made one vibration in a second, and was the one which 
gave thfc best performance of all those which he had constructed* It 
seems to have been a wonderful discoveiy, that jewelled holes wore 
down the pivots, tod thickened the oil, after they had been used for 
upt wh 1^ an hundred years. How came this not to have been 
aoonttr obierved, when so many were engaged in making chronom»- 
tm, and that too in considerable numbers f That pivots, from a 
length of time, even with good oil, and with greater probability fiom 
bid oil, liiay have got, as it were, ghied in their holes, there is little 
reason to doubt ; but this never arose firom particles wearing away 
ftott either the st^ or the stone, by the friction of the pivot Let 
any one try to whet a graver, which requires some degree offwrcBf 
cm a pofiahed Scotch pebble, for instance, and they will find, that no 
eienion whatever will make the graver bite the stone, or the stone 
tte gttvet i <br whet^ toy eOect of this kmd takea ^ace, it must be 
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nearly mutual. The hardness of the Scotch pebble is well known 
to be mudi inferior to that of either the ruby or the sapphire. After 
being exposed to the air for a considerable time, oil gets viscid and 
thick, which arises, as has been observed by chemists, from the ab- 
siffrbing or attracting of oxygen. We suspect, that oil, from this 
cause alone, may become more glutinous at a jewelled hole than at 
'tL brass one. By its application to brass, it soon acquires a bluish- 
green tinge, as if something acted on it. This is owing to the metal 
becoming oxidated by the joint action of the oil and air. The oxide 
thus formed, combines with the oil, and forms a metallic soap, which 
is much less tenacious than that formed at a jewelled hole. By 
the continuation of this process, the hole in brass becomes wider, and 
the ofl disappears, leaving the pivot and hole in a greater or less 
degree wasted ; and, instead of the oil, we have the metallic soap, 
whidi has hitherto been considered as rust. To be convinced, how- 
ever, that this is not the case, we need only attempt to wipe it off 
from the pivot, from which it easily parts, and which it would not do 
were it really rust. Oil, however, can have no action on the jewel- 
led hole, and any change that is effected by the oil must be confined 
to the steel pivot, on which its action is so exceedingly slow, that a 
great length of time must elapse before the oil is decomposed and 
disappears ; and hence what is called rust in a brass hole, is seldom 
or never met with in a jewelled hole. If a little Florence oil is put 
into a small phial, for about two tenths of an inch deep, and remain 
for a few years, it will become exceedingly viscid and glutinous, and 
will be intermixed with parts tinged with red of various shades. The 
same appearance is sometimes seen at jewelled pivot holes, and has 
been erroneously supposed to be produced by the operation of the 
pivot on the hole. It is singular that oil will act more forcibly on 
fine brass than on the common sort, or even on copper ; a metalHc 
Boap, somewhat resembling verdigrease, will soon show itself on the 
former, while the latter will have no appearance of being injured. 
But we are not to infer from this, that copper holes would be prefer- 
able to those made in fine . brass ; for although the oil in this case 
would be more durable, from its acting more slowly on copper than on 
brass, yet the increase of friction from the copper, would more than 
counterbalance this advantage. It can hardly have escaped the eye, 
even of the most indifferent observer, that oil acts more readily and 
forcibly on new than on old work. On the former, it will frequently 
show itself in the course of 24 hours. Oil varies so much in its qua- 
lity, that some will become so thick and viscid, in the course of a few 
months, as to stop the machine altogether. This has occured in the 
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cs^erieiioe of aToy odebnCed vtitt, who infiMrms us that ** hia re- 
gulatory which has been fband to go to a greater degree of accuracyt 
though not to a second in two months, as has been said of others^ 
than eren that of Verona, as observed by the Astronomer Cagnoli, or 
that at Manheim, as observed bj Mayer, was fimnd to perform very 
indiferently, after being cleaned, and at the end' of three or four 
months stopped altogether, which arose from the application of bad 
oiL^ We are of opinion, that where the pivots aresmaU, and the le- 
vdntioa of the wheel qnick, jewdled pivot holes are the best. It 
w31 not be an easy matter to do without oil or jcwdled boles, parta- 
cidaily in pocket or box-chronometers, although astronomical clocks 
or regulators may be so constructed as not to require either, provided 
the expense for doii^ so is not spared. 

OIL FOA WATCHXS AMD CLOCKS. 

Being of fsae i iti al advantage to have good oil, we shall give seve»^ 
lal methods of preparing it. 

A Receipt toDeptiee Oiloftts Acid. 
To four ounces of the best spermaceti oil, add four grams of Kali 
oeratum,^ in five ounces of distilled water, shake them well for a day 
or two, then pour the whole into a tumbler, covered by another, and 
when exposed to the light for three or firar weeks, the pure oil will 
float on the top« to be skimmed off by a tea-spoon. Tliis oil, it is said, 
neither dries nor turns green. 

OU may be prepared in the f (Mowing manner : 
Put a quantity of the best olive oil into a phial, with two or three 
times as mudi water, so as the phial may be about half fiilL Shake 
the phial briskly for a little time, turn the cork downwards and let 
most of the water flow out between the side of the cork and the neck 
of the phiaL Thus the oil must be washed five or six times. After 
the last quantity of water has been drawn off, what remains is a mix- 
ture of water, oil, and mucilage. To separate these from each other, 
put the phial into hot water for three or firar minutes, and most 
part of the water will fall to the bottom, which must be drawn off aa 
befinre. The oil must then be poured into a smaller phial, which be- 
ing nesriy fiill, must be well corked, set in a cool place, and sufiiBred 

OKaH aratmn, ^. KaHprapMstl 3 « «. Aifn. diitfllatB 3 ^* AmmoiL frsgmntm^J. 
Diaoh* the KaU in a wmtir bath ( add the Miwmmfa» and wh«n the sBnrmonM has 
ccBMd, kt the fluid GbryitaliM. Two dnyos an 0T9a aa a Uthontriptic, in a fint of 
daaiillad water, twioa a^yal 8(« Barllioleniew*t BsipitaL (PlMinaeor«ia CUruffO 
Vnm Cooper*! DIctioiianr of Prwtkal Surgtr^* 
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lo itifod fiir three or fiHir mcmths, or untal tbe water shall fasvetis^ 
flidedi with the mucilage aboTO it^ and the oil perfectly tranapirCnt, 
swimming dn the top of the mucilage. When time hai dius conl- 
pleted the operation^ the pute oil must be poured off into amalkr 
phiak) and kept in a cool places well corked, to preeerVe it from tJie 
air. This, bjr Mr« E* Walker, of Lynn, datied 13th Nor. 1810. 
.(See Nicholson's PkiL Jau/m.) 

The &t or <A which is left in the pan after niaking cahrea^fiaet jeDy, 
if taken and put into A jug or bowl^ and allowed to reitudn ftr smne 
Aionths) whAt iwims on the surlboe may be skimmed off, putinlio a 
fliaall phial, andkepC there for some time: thid wiUbefirand to be* 
Yskjr fine kind ofoil^at least it has the i^jpearanoeofbeing so. AFrentii 
diemist, of the name of Jodin, prepares an oil, adbq^ted for the use of 
watch-makers ; it resists the cold to a considerable degree, but in time 
will become green ftt pltot lloletf^ Uke moiit Other oils. OUve oil 
ftfMses Bl^otdSP of Falireflheii'i theniidttieter^ but tf pok iUM an 
open glass phial, and exposed to the fauli-dhiM tt^ a fictl^ wl^, it 
will not be apt to freeze till the thermometer is down to 8P. *^ As the 
amount of fidctioU, even in the best docks, in a gteaftrmeasure depends 
ttpdh the oil, with whlth the Tlktiouir parts trt lubricated, die Mow- 
big infbrmtttbti niay b^ considered of some importunes. Colcttsl It&xL 
tbf states, tfiat ofits oil may be freed fl^m it« mudlage^ merely by eaif- 
]^08ure to ibe rAys of the sun foi^ one or twoyefers."* 
' ^ Cfaevaf^I, ah eittintnt French chemist, recotniltoends anoih^ ptd- 
cess for the same purpose. To effect this, be mixes seven pftrts ^A- 
cohol with one of oil, which must be heated in a flask idmost to boiling; 
the lighter fluid is theti decanted, and, on being sufibred to cool, a litde 
portioti of fatty matter separates, which is to be removed. The al- 
coholic solutiofimust be evaporated to one-fifth of its butk«and the fluid 
pftrt of the oil will be deposited Colourless, tasteless, and fiee4om 
fiUell.^ This oil seems mudi tike what was called Arabian oil, lately 
(April 1^25) exhibited in Edinburgh. The printed deilcription 
given with it, gave^neither name of an inventor, or any place of abode, 
a circumstance somewhat extraordinaiy, and unless a great quantity of 
tt Fas to be taken, none could be purchased. 

Of old, watch-makers were taught not to allow the small 
which contained the olive oH, to stand enen in the fight, far less to t 
Exposed to the rays of the sun, because this deprived it of its yeltowr 
colour, which was considered to be a quality of the goednesa of thaolL 
And BOWi the modems by depriving it of thai calour^ aiy they ilO. 
prove it. 

OQ extracted froiki poppy sMds^ ti^pa^ly '^tefisA^ will lemain 
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Qnoongealed at a very low iempemture. Almond^ walnat, and ha« 
id-Aut oily if freed from the mucilage, with whidi these oila arefie- 
quently intennized, may be tried for watdiet. It was finmeriy an 
oigeci of inquiryi to know when a jar of Florence oil was in a frosen 
•tate, which aoattimes took place in severe winters,— a portion of it 
remaining unfrosen was taken oat fiir the use of watch-makers. 

We are informed that M. Frederic Schmidt, of Stntgard, has dis- 
eorered an oil for chronometers, fiic which will not freese at minus 
17 of Fahrenheit's thermometer ; does not dry at x212, and boils at 
612 ; it is not aflTected by cold at upwards of 50 dqpnees below the 
freenng point M. S. is of ofnnion, in whidi he is confirmed by 
experiments, that this oH will not be affiKrted under the Poles. 

The process of pouring the water off between the cork and neck 
of the phial, was found to have something in it awkward and clumsy ; 
we therefore got a Urge phial of about 17 or 18 inches deep, two in- 
dies wide, made with a glass stopper at top, and another at the side 
and chae <m the bottom, to let the water out, which answered the 
purpose eiftremdy well. Also a few long sort of phials, with ground 
^aas stoppers to each. The tall phial and its stop-cock was found 
?eiy convenient in the process of washing with water, and letting 
the water out occasionally, to give room for more fresh and dean 
water. Oil thus prepared, and afterwards carefully managed, will 
perh^w be found to be as good as can in any oiker way be obtained ; 
lome of it we prepared in this way, and applied to the pivots 
and holes of the clock in the Royal Observatory, Edinburgh. This 
ck>ck was taken down to be cleaned about the beginning of the year 
1825, after having gone nearly twelve years ; the pivot holes had a 
little greenish and thick oil in them, but in the reservoirs, it was in 
some degree tolerably fresh and yellow. It is singular that the 
washing did not deprive it of its yellow colour. 

Horn iopregerve the OiL by Making suck Reservoirs^ as io allom ike 
greatest quantity to be put to ike Pivots and Holes. 

To have the pivot holes, so as to preserve the oil for the 
gr ea tes t length of time, with the greatest quantity possible, the 
ibilowing is what should be done, if a little more expense can 
be allowed : For those holes, where the pivot-ends do not go be- 
yond the surface of the plates, (it, into a drill stock, a drill made so 
as to form something like a drop of fat, when dropt on a table, or 
such like surface, making the diameter of the artifidal drop to be 
made by the drill near to four-tenths of an inch or so ; in a thick 
piece of plate brass, make a round hole to receive ihe drill ; the piece 

T 
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of boBai mnit be fixed outside on tbe frame plates, so «s the pivot 
hrie fihall be in tiie ceirtse of the round hole, in order to guide 
the drill, which must beaUowed to cut no finrther down in the plate, 
than .barely to come to the sur£Mie, whidi should b^ le^ to lemaan, 
pacticnlaxly M the pivot hole. A kind of o^et might be put on the drill 
to preventit from sinking too dec^. The drill has the cutting part oon- 
cave as seen at D, Plate V ; the inside of the pivot holes may be cham- 
fieredalittle waybya tool, whose point should be a little on the obtuse 
ode; pieces of hard steel must be screwed on, outside of diej^tes, eo 
astooover fiilly the sinks made by the cqncave drill, and against 
the pieces of sted, die pivot ends should occasionally bear ; the 
shoulders of tbe pivots should be turned nearly away, leaving a aoort 
of cone in their place ; and near to the shoulder, or top end of the 
cone, with the point of a very nice graver, make a slight notch. 

The shiqw of it drop of fat (gmUte de suif) at the top of a pivot 
hole, was a thought or contrivance of that cdebrated artist, the late 
Julian Le Roy, and a most beautiful idea it was : (Itistoberegietted 
that it was not adopted in a dock, otherwise very nicdy got up, .and 
for puUic purposes.) Between the hard steelj^eces and tiie top of 
the Itime, formed by the cpncave drill, there sAiould be asmall dqpree 
of space; if they are too dose, the oil will tspiead too mudi over them, 
mnd,ifat4i proper distance, the oil wiU be attracted to a point conmeet- 
ed with the pivot ends, gradually draining fkte reservoirs to sopplj 
the w|iste at the pivot holes. 
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CHAPTER XII. 

On ihe various sorts of Machinery for going in time qfmtuUng, 

The earliest machinery for going in time of winding, is thai 
contrived bp Jffuygens, described page 1S8, is the simplest and 
the best that has yet been produced, although upon the whole it 
jmay not be so convenient in its application. In the old ihiitgr-llour 
clocks, the first whed of the going pi^rt had on its arbor a fiiBod j^^ 
ged pulley A, (3ee Pkte IV. No. 22). On the arbor of the first whed 
of the striking part was a moveable jagged pulley H, with diA and 
mtchet to it. Over these, and through or under the pulleys of the 
.counter weight p, and main weight P, went an endless cord, wovoi 
dtb^ of silk or cotton. Both parts of the dock were carried on by a 
jungle or main weight, and when winding it up, this was done by the 
strUdng pulley ; by which means the wdght acted constantly oa.thf 
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gaiafi^piKL Hut is s nelhoit iMtk we adopted in mm countei 
ngi/kmn^ nd aftenriids fanad it was ihe ume that Bcrtbood lud 
mkd m 9oam d Mb, llie momaUa aiid winduig up pnlky with ki 
laidiet, tnmad cte a atud, haviog a dick and spring, which wc» 
flBHlloaB0 nftfa&pbtas, as wiv afao thcfatud. Tba other puUey 
yfmmttikt aibor of the fieit wheei^ and^xdd tn it. Th^ only inoos- 
^ iiiiiici and objettton to this eontnWmoe, partiadavly in efght-d^ 
datla, arifeafirom the wearing of the eord on the jagged parts of die 
ivik^t, wfaieh prodnee a gieat deal of duat, and liakes the dodi get 
seeaer dKity than it would do; if this was eftcted in a differimt wiqf. 
In clocks which go a month, or six months, as some of Berthoud^ 
didy tUs will be Terjmach obviated, partieulaily with afine and well 
ewveli sttk cord* 

Tliefe is a very ancient way of going while winding, which was 
lai^ qpplfod to the fusees in clocks and watches. On the inside of 
die gfeat wheel is another wheel, whose teeth are cut to look inward 
ta ^ke centre, upon which acts a pinion of six, which mns in the bot- 
lim of the fusee, and is turned round widi it. The fusee arbor is 
Aee within both the great wheel aild the fusee ; upon it is fixed the 
fbsee ratchet, and a wheel with about half the number of teeth of 
dboee in dM inward toothed wfaeeL It is erident, that if the fusee 
arbor is turned round, the wheel fixed on it, whidi acts also on the 
pinsoo of six, will by this make the pinion turn ; and this again, act- 
ing on the inride wheel teeth, will apply as much fbiee to it ss the 
fnaee riqinres in setting up. Whcsi wmuid up, the dick in the great 
whed, as in the ordinary way, stops the^iaee by the ratchet from 
running bMsk. This method takes six times longer of winding up 
than by the oonunon way ; and the great strain which is laid on the 
pinion and inside wbed teeth, soon deotroys them. With a little 
moin appar a tu s, a fbsee of this kind can be made to wind up which- 
eter way the arbor is turned; hence it got die name of thedmitAin 
/iMe. (SfeepartUmlartofiimTkhul, VoL II. p. 333. and PlaU 
XXJrVIII. Fig. 14J 

A going in time of winding, of later application to clocks titid re- 
griststt, consisted <rf an arbor within the frame, on which was a pin, 
and SSI aim inside with anib and a deerVfoot joint; another arm en 
theeotaide, when pulled down, serred to make the jointed nib rise 
and pass die third whed teeth ; a spring, acting on the pin, brought 
the nib in a contrary direction, to act on the third whed teeth, fay 
wUdi it gaTo motion to the swing-whed during the time of winding, 
isd oentimiad to do so until get^ig dear of the teeth. 

Tlergei^inl maihedwhidi is n^w adoptid, bodi indoda ami 

t2 
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duonometers, consists of an auxiliaiy spring, raldiet, and detent 
In docks, two springs are sometimes used; being doubled round, «re 
screwed by one end to the back of the auxiliary ratdiet ; the other 
end is made to act against the arms or crosses of the great wheel 
On. the opposite side is the click, which acts with the barrdUratdiet ; 
«nd when the force of the weight is taken off by winding up, the 
force of the springs act on the great wheel, not being allowed to 
bring the auxiliary ratchet forward which diey would do ; but this 
is prevented by the detent, consisting of an arbor whose pivots run 
in the frame, and an arm acting against the fiM^ of the small teeth 
in the auxiliary ratchet 

When this method is applied to a dock or watch Aisee, there is s 
circular and flat steel spring, screwed or made fast by one end to the 
inside of the great wheel, in the other end is a small hole, opposite to 
which is made a short and circular slit in the great whed. A fan 
in the auxiliary ratchet is {daced so as to correspond to the hole in 
the spring and slit in the great wheel, through both of which it comer; 
the slit gives range for the bending up of the spring. When the 
force of the main-spring does not act on the fiisee, which is taken off 
when winding up, the auxiliary ratchet, and detait, which baa a alen- 
der spring to keep it to its place, serve the same end as has been de» 
scribed for the dock. 

The mechanism of this going in time of winding, was first exhibit 
ed by Harrison, in his time-keeper, when explaining its prindples to 
the commissioners who were appointed to recdve them. It has been 
said that he took the idea of it from having seen an analagous odd* 
trivance in an old kitch^ jack, where it had been applied to keep 
the spit turning while the jack was winding up. There hoe beem a 
great deal of tngenuify displayed even in ja^making. It u em- 
guloTy however^ thai U was never thought of the apph/ing vanes cr 
wings to thejf/j which could have been sett eo, as to regulate the nr- 
hctUf accordSngto the greater or less weight with which the spU wutgf 
be loaded ; but simple as the setting of these wings wouH be^ it 
might not be so easy to prevail upon the cook to take the trouble tf 
,mAer understanding or using them. The water-^aek^ xehkh has been 
iknawn in this country/or more than seventy years, is very oonvem" 
eni in this respect, as it is easy to make the discharge of water eU 
the code to runJvU, half, or quarter, on the small kind qfrniU^wheel 
which drives the whole of the machinery bdmpsig to it, 

A great many years ago, we contrived an easy way of making agmng 
in time of winding for a dodc, to several of wlidch it wa0 applied. The 
third wheel has a sodcet {with a small shoidier) niody fitted to it, 
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the hde being MNindly and tmoothly btoAched. That part of the 
dind wheel pinion arbor which worke in the aocket, mnst also be care- 
iaSty tamed, and made as smooth aa any jrivot, so as to be free, easy, 
md without shake. The end of the socket, which is not in the 
vbeel, should be smooth and flat ; its diameter oatside, about three- 
IsBtlisof an iadi, and to apply to aflat smooth steel shoulder formed on 
the pinion arbor. On the side of the wheel opposite that on which the 
loclwl shoulder is placed, let there be fixed a small steel pin, distant 
froai the eentre about three-tenths of an inch, the height of it being 
shoot aiie»tenth. Make a piece of brass so as to have a fine small 
ntcbet whed on it, of about four-tenths of an inch in diameter, with 
a mmt of hoop or contrate wheel rim on one side of it, three-tenths 
and m half in diameter inside, the thickness being a little more than 
dmft of an ordinaiy oontrate whed of a watdi, and the depth one- 
twentieth of an inch. The ratchet-wheel and hoop haye a socket 
eoBoiaii to both, which is twisted on the third wheel-pinion arbor $ 
diia socket, on that side of the hoop inside, ia the smaUest matter 
lower than the edge of the hoop. On this part of the socket is fixed 
the Utter end of a small and weak spiral spring, of two or three turns, 
the outer end having fixed to it a small stud, with a hole in it, that 
gsca over the steel-pin of the third wheel, which works in a short 
ciicnlar opening in the ratchet-wheel or bottom of the hoop, of a sufi- 
ficicDt range tat the spiral-spring to keep the dock going during the 
time of winding op. The detent for the ratchet has one of the pi- 
rota of its arbor in the back frame-plate ; the other runs in a smdl 
codt attadied to the inside of thu frame-plate, and sufficiently dear 
of the third wheel on that side. The edge of the hoop, when the 
woAet is twisted home, should allow the th^rd wheel to have freedom 
daDBg the action of the spiral spring upon it. In appljring this go- 
ing in time of winding apparatus io a clock, it will easily be seen in 
whidi wqr the small ratchet-teeth must be cut, and also in which way 
the qiinl-apring must exert itsdf. During the action of winding up, 
thiaaUowa the minuto-hand to make a retrograde motion ; but it re- 
its place aa soon as the weight is at liberty. 
In the early part of the last century, a considerable intercourse was 
OB between Holland and Port Seaton, by the ship-owners of 
Frestoopana, in East-Lothian. Among other imports, was old iron 
m hogsheads ; and many of the articles were little worse for bdng 
uaed, as, by an old Dutch law, no iron work was allowed to be 
lepaif oda Amiing the things which came home, were some camp- 
jadu, of a rerj ingcBions constructioii, and evidently of German oti- 

gm. 1>M> or three of tiiem, one of which we have seen, are still in 
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lh«t iieigtibourhfX)d. It wm c(>iiipo«ed Of the usual vlieck and fi^ 
uMvaa, endtoss screw, and a small fly Tallier weigfaty* Thefiame, 
moupted on an upright stand, was about ^r feel .or mciite in be^^ 
A thin and iMtow Joron bar» of four or five .feM kng, was ais. 
tadied to the stiNad, and could be made to dide up aid down en i% 
pearly the whole four w five feet ; one ed^e of it was Soothediike a 
straight rack, and wodced into Ahe piadon of 4be first wheels b]rn{eaiia 
»f a weight hung on a hook «t the lower end of the har) when the 
w^ht and bar came to the bwest point, it was eisily moivnd u|» to 
fbfi giKsafaest height, when tibe jack wasto be wound uft. Tke pinion 
fend a hoUow socket, and could Aum \freely round the arbor of dteflnt 
i(4ieel ; on Ibst lower end of the socket was a rB(li6kt%m^igk mmmkbem 
Ae iirst wheet where the oKdinnd sfri^f wet e p inMd 'teaei with iIk 
rtj^ei, which, by the holbw socket, ailownd the pinion .to tote feee- 
)y beckjirasd irh^ winding up; od the wetghtbtsng sllowed to am 
pn the rack, aU die wheels weso inade to HunD die ptnpet: wiq^v and 
ap on. An idea occurred to ua^ that, ia ^aoe of the rack monng, a 
machine might be made to go fay its own weight, hf means of n pinion 
turning down on the j^thed ed^ of a fixed raek. A schenie ahatt 
be given for a boxM^hronometer cf this conBtmctieo, wfaich Bupe s a o d ea 
the necesnty of either fosee^ bartd, aptii^, or chain. A coniriwsmee 
of a similar land has lately been cotamunicatedto the Society af Aarss 
in Paris, by M. Isabelle, and is detoRbed in dbe BuUeim 49 la So- 
€iiti d'EneouragetBentf Na 58. The same method, which has-hesn 
•known for a consideraUk time, is used at Li^, by Hubert SarlM, 
who makes mght-day spang docks on this plan. 

On the arbor of die first or great wheel, is flood what nn^ be eaB- 
ed the fiisee-ratchet, working widi die dick and spring, whichj me 
4m the auxiliary or going-ratchet ; in the last is fixed apin, whaUi 
•comes through the end of the auxiliary ti^pringi^ anddieoisodai nolch 
in the great wheel, whidi is keyed on in die saiie way as in tlas«Bae 
ifith a fusee ; havii^ also a detent and spnng Sat the gonsig- 
ratchet,-r-the whole fi>rBung the great wbed* and the mednodantfilr 
going in time of winding. On the great wheel-asbor, doae So die 
main-ratchet, let a small bevelled whed be fixed, of any small num* 
her of teeth, fully stronger than those in the great wheel, the bock of 
die bevelled whed Ijrii^ against the main-ratdiet. Indeed, bodi 
might be made from one and die same piece of brasa^ ^nyirtang die 
• diameter of the pillar-jdate to be S.85 inches, that cCthe gnat wheel 
wonkl-be 1.5 inch, and the number of the teetli^f;' the hewlkd 
whed,bdng half an inch in diameter, would adpit 94taeA; ob|, 
if made a littk duckcr than die gcenl whed^ dMiteodt wooU bo a«f- 
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ficicBt^ itroBg. Anodwr bevdled wbed of the sime dunneCer and 
Dunber of teeth as the other, is fixed on a piaion ailier, (a Me be^ 
ing made m the poienee plaie^ to aitow the be e e Hed wkeeU to pitch 
tegeiker^) whidi i» fhcei witbu the frame in a homenfai direetsott, 
■I that Ibie which pateeo through the centreeof the great and aeoond 
wheda ; eneof the pivoce mna in a eeck ingide of the fKilence-piaCe, 
md pUioed near to the great wheel arbor; die other, wUch isa Httfe 
keyoad the pinioo-faead, mna in a cock fixed on the onteide of the 
peienee-plate. Thia pnrion has sixteen leaves, olf die same strengA 
aallto teeth of the bevelled wheels, and runs in with the eigt of a 
teMhitf^rack ; every revdntion will be over the length of eile faic& 
en Ae radL, and eipal to fimr boors, or one turn Of thegteat wheel ; 
the aeieend wheel-pinioa being 1S» The lengA of rack, snpposed to 
be 9 Miches, would aUowthe timeof goii^tobeeqiudto 30 hours,—- 
SindMS, multiplied by 4, being equal to 88; Were Ab rack lit 
indie* long, it worid admit the timO of gohg to be 48hounr ; or tite 
d u n n tetei of die jniiion might be increased froin .333 to .560 parte of 
an inch, and die time of goii^ would then be somewhat mer^ than 
80 hours. Let a slip of wood be made 16 inches Ions, five-eigbthk 
of an inch broad, and rather more than one-eighth thioc ; on one side 
of diis, and dose to the edge, let another slip of the same dimensions, 
but not quite so broad, be set on edge at a right angle to the side of 
die other. This will form a pattern to have two such cast in brass 
from it : after being dressed up, one is left plain, the other so as to 
have twelve inches of teeth made on one of the edges ; the plain one 
is screwed to the inside of the case, and the other is screwed on to 
the plain one, having the toothed-edge on the right-hand side of the 
pinion, so as to make the second wheel and pinion turn the proper 
way. To the ring or cap which incloses the movement of the chro- 
nometer, are attached three pieces of brass, kneed up at each end ; 
the distance firom the ends is about two inches and a half^ in which are 
holes made quite parallel to one another, and go on three sted rods, 
15 inches long, and two-tenths of an inch in diameter, fixed in the 
lower and i^iper ends of the case, and paralld to one another, and 
near to die dial of the chronometer. The case may be either of 
wood or brass, having a door on one side, which serves the purpose 
of getting at the chronometer, either to observe the drae, or to push 
it uf aftor k is nearly run down. In the lower part of the cap, a re- 
oess may be made to receive any additiond wdght requisite to load 
die chronometer with, in order to give greater extent of vibratioa to 
thebalaaee; the upper part of the case should, if necessary, be hnng 
in gimbals, and the lower end loaded with lead to keep it steady. 
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eat degree of consUncy tnd inTariability. To have strength of maiii* 
ipringy it must be either broad or thick ; if broad* then the rubbing 
of the coiU creates a great deal of friction, and the oil, on gettii^glii> 
tinous, adds still a little more to the resistance of the spring when 
the ooib are unbending. On the other hand, when the spring is 
thick, it requires a barrel of a greater diameter, which takes upoMiiw 
room than could be wished ; besides, thick springs are more apt to 
break than thin ones. Very few are aware of the diffi^ties attend* 
ing the procuring of a good spnng ; if they are hard, this ei^xMOS 
ihem continually to the risk of breaking ; if they are soft, they gra* 
dually rdax, and in the end become good for nothing. Much de? 
psnds on the part of the spring-maker, and no rnnali degree ef caf^ 
ii required by Aim, to have sted of the best quality selected, also 
esfeflilly to hammer, harden, and temper it, and lastly, in being veirj 
attentiTe when coiling or turning it up. To obviate as much as pot* 
siUe the objections which have been mentioned, Mudge and Ber> 
thoud adopted the mode of having a double barrel in one, and ft 
firing put into each, with an arbor common to both ; by which means 
thqr obtained the force of a broad spring, without its concomitant 
defects. It nuy be observed, that neither of these celebrated artiits 
thought of making, what they did noi approve of^ a time-piece to 
go eight days ; and if the expedient of a double barrel was had 
recourse to, for the main-spring of a time-piece to go thirty hours 
<mly, it must be still more requisite, for that which is constructed to 
go eight days. 

The force of main-spring in a box-dironometer, should depend on 
the extent of the arcs of vibration which the balance must describe, 
and however long or short these ares may be, they ought nevertho* 
less to be performed in the same space of time. Now, on that ao» 
count, this force becomes limited, by the extent of those arcs thai 
are fimnd to be iaochronal. Therefiwe, to determine this force of 
main-qiring, make the chronometer go with difierent weights, mak* 
ing no use of a barrel, a main-spring, or a fusee ; fit to the square of 
the fiisee arbor, a short cylinder of wood or braas, about two inches 
or ao in diameter, let one end of a fine piece of cord, or small gut, be 
fixed and. wrapped three or four times round it, to the other 
end, after being conducted over a small directing roller or pulley^ 
attach weights of difi*erent quantities, according as they may be found 
requisite to make the balance describe arcs of unequal extent, in or* 
der to ccmie at those vibrations where the balance with the pepdu- 
lum-spring are found to be most isochronaL Having obCfined thia , 
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09 A mdim of 6 indici. Havii^ tbe weight thAi the adjusting tool 
will tmajj we suqr tbenoe find the etmi-diAMeter of the fiuee hy the 
foilewiag jmupwAim : As 49 omoea U te 6 cmncflB, ae b 60 lewthe to 
7^ tentbi ior the ledius or fewMJhnweter of the Aiaee. Emample 
id. The diameter of a AMee hebg given^ likewiae the weight, which 
oD the adjusting tool ooght to he in equilibrium with the main-spring. 
To find what fMa force ought to be at the circumference of the btf- 
rd. If dbe spring draws 6 ounces on the adjustbg toot, with a ra* 
dhi of six indies^ and the diameter of the fusee at bottom u one 
indi and a haU^ equal to seven and a half-tenths of radius. To find 
tftefaaeef Ite spriDgon the cvconfciifiioe ef the bairel, make tb# 
fclaw ing pw p on i iwi : As aercn and a half-tenths is to six^ tenths^ 
so is six ounces to forty-eight onneei^ the Anrce exerted at the dr* 
coBfisrcnce of the barrel^ or what it is at the bottom of the fusee. 

By fiidhiwing sudi a process as this, as was done by Berthond,| 
asudi time might be saved, and the ends required will be obtained 
with a greater d^pree of certainty and accuracy than could otherwise 
beaoquired 

When the chronometer is at last completely finished, cleaned out, 
and put together, it may be satisfiMrtory to put it again under trial : 
but, when fixed to the standi the conducting pulley, the cord, and 
weighta attached to the end of it, must now be put in an opposite di- 
lectbn, so as to oppose at pleasure the force of the mainnipring with 
any quantity of weight, when trying and comparing the short rifar*- 
tions of the balance with those of the loi^ ones given by the natural 
force of the main-spring. We ought to make use of such methods 
sa ara simple and certain, without taking the troobie of potting the 
hnd and fusee into the firame, in osder to guess at the ftree of the 
ipii^ and diameter ef the fbaae, aad we eoukl dkea direel At 
tpring-Biaker toprodnee springe whiehshovldfaaife at once the fiMt 
lequied, hf giving Urn the weighs, which being attached to a eos4 
wuip p ud KCTsd die barrd, and fixed to itaeircamfiefence,!/ should be 
hi eqmUbrium when bent up one tOTB. Take, as a third Rmmtph: 
The finee of a spring being givs» as the cnrenmfbrence of the baiMl, 
and die diameter of the fvsee being ■!■» given^ to find how wmI 
ikb spnng will draw on a radios of six inches, in order to esthmHe 
somowht nearly from these data the weight and diameter of the h«- 
kaoe. What is given may seiwe from practiee by eompariscn^ to 
find the wtsgftt and diameter ef a bahsace, hut it is too limited to»he 
fUMjaL There are many ether ciMnistsnoes to be taken into eM- 
, soeh as die numbsr ef vibeslietis in •minate^ lie. Ite. 
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Suppose a spring, set up half a turn, makes equilibrium with forty 
ounces at the circumference of the barrel, and the fusee is one inch 
in diameter at the bottom, or the radius is equal to half an inch. 
We may find the weight it will draw, by the following proportion : 

ttftCht. Cwtht. oc M. . . ttt. dvt. gr. 

60 : 5 : : 40 : 3.33, which is equal to 3 6 16, or 1600 grains 
Troy. To find readily and surely the shape of a fusee and its dia- 
meter, a trial fusee must be used. If the trial fusee is one inch in 
diameter, and draws ten ounces, for example. In order that the 
fusee required may draw eight ounces, make the following proportion, 

OS. tentht. oz. trntht. 

10 : 10 : : 8 : 8. The flisee required must be ft-tenths of an indi 
ill diameter. If a spring must draw twelve ounces, and the trial 

fusee draws ten, 10 : 12 : : 10 : 12. The diameter of the fusee 
must be twelve-tenths of an inch, that is, one inch and two-tenths of 
an inch. 



CHAPTER XIV. 

Oft ike Dividing and Cutting Engine, and on the Methods of Dividing 
Circles into various Numbers for the plates of Dividing and WhteU 
Cutting Engines 

Amono the inventions in the Art of Horology, produced in this 
ooimtry, may be mentioned that of the whed^viding and cutting 
engines, which are said to have been invented by Dr» Hooke. In 
the prefiiu» to the fourth edition of Derham^s JrHfidal Clock-maker, 
he remarks, that << the invention of cutting engines, {tehieh was 
Dr. Hookas) fusee engines, and others, weito never thought of till 
towards the end of King Charles the Seoond^s reign/' It is well 
known that he contrived and used an endless screw and wheel for the 
purpose of dividing astronomical instruments, in 1664. The wheeU 
oming engine was contrived by him in 1665. Sully carried over 
to Paris wheel-cntting engines, of British manu&cture, which 
wero much admired there, not only for their beisuty and faad- 
fU execution, but also for their utility. The Frendi artists, how- 
ever, unwillingly admit our claim to this invention ; and, couU they 
.have brov^ht forward documents to the contrary, it would most rea- 
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^j luiYe been dime. They mainUun, that it oould not have been 
iDTented and improTed at the same time by any one man» an opinion 
in which we mutt agree with them. 

A wheel-cutting engine, and one which oould divide almoat 
any number, by meana of an endleas acrew and toothed wheel, 
was made about 70 years ago, by Uindley of Tork, which came 
afterwards into the possession of Mr. Smeaton, from whom we 
purchased it in the year 1786, As Hindley knew what had 
been done in this way by Dr. Hooke, this seems to have been 
made in imitation of his, with some additions and impnnrements, 
u it is evidently not copied from that which is described in 
Thiout's work, VoL I. p. 53. Plate XXIII. Fig. 1. said to have been 
invented by M. P. Fardoil, watch-maker at Paris. Ramsden*s divid- 
ing engine, for which he got a considerable premium from the Board 
of Longitude, was executed on this principle, the great merit of which 
consisted in having a more perfect screw than had hitherto been 
made. For a copious history of Dividing Engines^ and a full ac- 
count of the engines invented by Bamsden and Troughton, see the 
article Graduation, Vol. X. p. 352. of the Edinburgh Encych- 
pcsdia^ 

About the years 1778, or 1780, Mr. Smeaton (see the Phi- 
hiophical Transactions for 1785,) gave into the Royal Society 
a paper, describing a very simple and ingenious method of di- 
viding, contrived by Hindley, who, providing himself with a nar* 
row strip or ribbon of very thin plate-brass, about three yards long ; 
into this he pierced four hundred holes, less or more, according to 
the extent of the greatest number he meant to have on the engine- 
dividing plate ; the equality of distance between the holes was kepi 
by dniling, and opening them from two small holes in a hard pieoe 
of steel, shifting from one hdie to the next, having a nice cylindrical 
mttel pin to put through the steel and brass as he went along. After 
%he holes were all drilled, and the strip of brass a little dressed op, 
lie got a block of rood chucked on to the mandrel of a stout turning 
lathe, turning the edge of the block down to that diameter, that the 
mtrip of brass, when wrapped tightly round it, should have the two 
extreme holes to meet exactly, and form one hole, into which a pin 
lieing put, kept the ends together, and the whole fast to the wood. 
The face of the block being previously turned flat, and on it fixed 
the engine-plate, liaving a number of concentric circles traced upon 
it, to be severally divided. One end of a steel spring index was fixed 
to the lathe, in the other was a nice conical point of steel, tempered. 
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appfied so as to enter fy^ly aid freely into the heks in the «lrip of 
iNrtss; taking thetti step by step, the divisionis in going along, were 
marked off on the plate. The greatest number being first laid down^ 
then before the next less conld be laid on, the stoip of bass was 
taken off, and the block turned down, so as to dlow the holes in the 
«strerae ends to meet for that number, and so on downwaxds to the 
amaUest number. 



A Method, skewing how to Divide Circles on ike Dividimg PUde rfa 

WheeUCutHng Engine. 

This is a method which we have used, and frequently practised 
with much satis&ction and success. Wheel-cutting, engines are 
made having a few common numbers only laid dowii on the 
dividing plate. But should a number be wanted ' which is not 
on the engine-dividing plate, the foUowing directions wilt enable 
any one to lay down on it the number required. Having a scale 
of equal parts very nicely divided, and by which every inch can be 
subdivided into a thousand, this, accompanied with a small beam 
compass, or a pair of very fine spring dividers, with such points as 
could take from the scale the two thousandth part of an inch, and 
with these to operate. For example : The circle described on the 
engine plate, is supposed to be two inches, and six-tenths of' an inch 
in diamater, and the number eleven is required to be hud down on 

tenths 

it. Then say, as 113 : 355 : : 26 : 81.6a The hist term is the 
number of tenth parts, and decimal parts of a t^oith oontauaed in the 
circum&renoe of the circle ; this divided by eleven) the number to be 
laid on it, will give seven^tenths, and forty-two hundredths of a 
tenth, for the opening of the compasses to be taken from the scale of 
equal parts, to make one eleventh part <^ the circle. If the scale is 
accurate, and the measure of the parts accurately taken, the circle 
will be found to be so well divided as to answer all the purpoees 
wanted. Suppose a wheel of 73 is wanted, and this number is not 
on the plate, a circle described on it is 5.75 inches in diameter, what 
opening should the compasses have, so as to take the seventy-third 

tenth* tenths 

part of the circumference? As 113 : 355 : : 50.75 : 159.436. Di- 
vide this last term by 73, and the quotient will be 8.184 tenths for 
the opening of the compasses. The rule is equally applicable to 
even or odd numbers. Bisection of even numbers makes it a very 
easy matter to lay them down on any circle, without having recourse 
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to lti0 nil« just fpvexL The greater part of aa odd niunber majr 
likewiaa be done by bisection, a# abown by Feiguaoii, in bia S^Uci 
E^p$rci^ii»f p. 38p finom which the fiiUowiiig ia extracred 



To ditnde (Ac Circumference qfa Circle itUo aajf Givefi Number qfPturts, 

whether Even or Odd, 

As there are very uncommon and odd numbers of teeth in some of 
the wheek of astronomical clocks, and which consequently could not 
be cut by any common engine used by dock-makers fbr cutting the 
numbers of teeth in their clock wheels, I thought proper to show 
how to divide the circumference of a circle into any given odd or 
even number of parts, so as thai number may be laid upon the di- 
viding plate of a cutting engine. There is no odd number but fiom 
wUch^ if a certain number be subtracted, there will remun an even 
number, easy to be sulkUvided. Thus, supposing the given number 
of equal divisions of a circle on the dividing plate to be 69, sub- 
tract 9, and there will remain 60. Every circle is supposed to con- 
tain 360 d^rees ; therefore say, as the given number of parts in the 
circle, which is 69, is to 360 degrees, so is 9 parts to the correspond* 
ing arc of the circle that will contain them ; which arc, by the rule 
of three, will be found to be 46 i^. Therefore, by the line of cords 
on a common scale, or rather on a sector, set off 46 ,Vit (or 46 Z^) 
degrees with your compasses in the periphery of the circle, and divide 
Aat arc or portion of the circle into 9 equal parts, and the rest of 
the circle into 60, and the whole of the circle will be divided into 
69 equal parts, as was required. Agidn, suppose it were required to 
£vide the circumference of a circle into 83 equal parts, subtract 8, 
and 90 will remain. Then, as 83 parts are to 360 degrees, so, 8y 
the rule of prapartiouy are 3 parts to 13 degrees, and one-hundredA 
part of a degree ; which small fraction may be neglected There- 
fore, by the line of chords, and compasses, set oif 13 degrees in the 
periphery of the circle, and divide that portion or arc into 3 eqiuA 
puts, and the rest into 80, and the thbg will be done. The fol- 
lowing is from the same work, p. 42, and may be useful to those en- 
gaged in large clock-work, or in mill-machinery. ** Supposing the 
distance between the centres of two wheels, one of which is to turn 
the other, be given, that the number of teeth in one of these wheela 
is different from the number of teeth in the other, and it is required 
to make the diameter of these wheels in such proportion to one ano- 



ther, 88 their number of teeth are, so that the teeth in both wheels 
may be of equal size, and the spaces between them equal, that either 
of them may turn the other easily and freely : it is required to find 
their diameters. Here it is plain, that the distance between the 
centres of the wheels is equal to the sum of both their radii in the 
working parts of the teeth. Therefore, as the number of teeth in both 
wheek, taken together, is to the distance between their centres, taken 
in any kind of measure, as feet, inches, or parts of an inch, so is the 
number of teeth in either of the wheels to the radius or semi-diame- 
ter of that wheel, taken in the like measure, from the centre to the 
working part of any one of its teeth. Thus, suppose the two wheels 
must be of such sixes as to have the distance between their centres 
five inches ; that one wheel is to have 75 teeth, and the other to have 
S3, and that the siies of the teeth in both wheels is equal, so that 
either of them may turn the other, the sum of the teeth in both 
wheels is 108 : Therefore say, as 108 is to five inches, so is 75 teeth 
to 3 TOT inches ; and as 108 is to 5 inches, so is 33 to 1 -x^t so that 
from the centre of the wheel of ^5 teeth, to the working part of any 
tooth in it, is 3 inches and 47 hundredth parts of an inch ; and from 
the centre of the wheel of 33 teeth, to the working part of either of 
its teeth, is 1 inch and 53 hundredth parts of an inch.*" 

Having the diameter of a wheel, which is proposed to be cut into 
a given number of teeth, to find the thickness of a cutter suitable, so 
as to give the teeth and space in due proportion. For example : — 
A wheel of 4.8 inches in diameter is wanted to have 144 teeth cut 
on it ; suppose the depth of the teeth to be one-tenth of an inch, 
then the diameter of the wheel, taken at the bottom of the teeth and 
spaces, will be 4.6 inches ; and it is intended to have the teeth and 
spaces alike at the bottom, which will allow the teeth to be broader 
firom the bottom upwards. To find the circumference of a diameter 
of 4.6 inches, say, as 1 13 is to 355, so is 4.6 to its circumference, 
which, in this case, will be 14.4513 inches. Reduce this to thousand 
parts, and we shall have 14451.3 to divide by 288, the number of 
teeth and spaces, the quotient will be 50.2 nearly, call it 50 thou- 
sandths of an inch, or hdf a tenth, which is the same thing, and this 
is what the thickness of the cutter ought to be. 

By the same sort of scale of equal parts, as used in the division of 
drcles, any given straight line may be divided into any required^uum- 
ber. For example : A given straight line is 5.5 inches long, and it 
is proposed to divide it into ten equal parts 5.5-i-l0=5.5^ tenths of 
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an inch. Suppose a ghren straight Une b equal in length to 6048^ 
whidi b 6 inches and .048 of an inch, or 48 thousand parts of an 
inch more, — it is required to have this line dirided into S4 equal 
parts: 6048 -i- 24, the quotient will be 252 thousand parts of an inch, 
er somewhat more than 2.5 tenths of an inch. This is a much neater, 
and a more accurate way than any proportional compasses can give, 
and is even easier in its operations ; the calculation or operation of 
dirision may be considered as nothing. It is hardly possiUe to 
brii^ the centre piece of the proportional compasses accuratdy to its 
place at all times, admitting the marks or places to be correctly put 
on ; besides, any repairs to the points of the compasses will put all 
out of order. For these reasons, we consider proportional compasses 
to be of little use, however ingenious they may appear to be. 

The Honourable the Commissioners of the Board of Longitude, 
some years ago, deservedly awarded the mim of one hundred guineas 
to the late Mr. James Allan, watdimaker, London, (an inge- 
nious master in the art of dividing mathematical and astronomical 
instruments,) for what they conceived to be his superior method 
of dividing.^ ifr. AUan's mediod of cutting a very accurate screw 
for his dividing engine, appears to be neat and simple. We are, 
however, humbly of opinion, that a screw cut by a good engine, hav- 
ing an inclined plane or edge, would likdy be as perfect, if not more 
so, than any that could be otherwise obtabed. 

The engine mentioned at page 221, made by the celebrated Hen- 
ry Hindley, of Yo^l, about the year 1740 or 1741,t and sent to us 
1^ Mr. Smeaton, in May, 1786, along with a full description, 
sod the principles of its construction, with which he seems to have 
tsken ag^reat deal of pains ; and as it is done evidently by a masterly 
hand on subjects in mechanics, it is deemed interesting to preserve 
s copy, which follows : 

** Description of the method of ike count-wheel work of 

Hindley's Engine. 
•< The use of this is to form the different numbers for cutting the 
teeth of dock wheels, && and to make the requisite moves of the 
endless screw and wheel as readily as can be done by a common 

*See Mr. AIIah*! method in toL xudr. of Tnni. Society of Arts, &c 1816, or 
^th'f Mechanic, a valuable collection publiahed at Liverpool, in t toU. 8to. 

t It may fairly be concluded that Hindley did not copy any thing from Fardoil, at 
^ engine would appear to have bee.* made l»efore Thiout publiihed the de^ription of 
PwAfn*,. Both may have taken the idea of the endlaw icrew and wheel from Df% 

Hookfl. 

V 
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dividing plate. As an appendage of the engine. No*. 7 and 8 cm- 
tain tiro sets of oount-^wheelsi containhig aD the numbers ihat Hi^- 
ley had in general use ftr cla<ik<^woi:k) from 128 to fi6, and the' lar- 
gest number 128, is upoti the end of the endless screw M ite place ; 
and anj other of the numbers being put upon the end of the arbor in 
the same manner, and the larger locking wheel sHded till it cng!rain 
therewith, the smallest oF the three winches being put upon the square 
of the arbor, there is nothing to do but to turn the handle till the wheel 
lodes, and then lifting it out, turn againtill it locks a second time'; 
and then the main arbor of the engine wiUhiVe tamed romidaqiitt*- 
tity answerable to the space of one ^ooth of a wheel of the same nunb- 
faor as that on the end of the screw aiiior. The ideason of which is as 
follows : — ^Suppose, for amomeiit, dielocking wheel to haveSdD.te^th, 
the same as the great wheel, the loddng whfed Ibcks at a whdie turn 
only. Suppose, for an easy calculation, the wheel required to be cut 
to be 36, then a tuln of the endless screw will be tbs space for . one 
tooth, but the number 36 being on, you must turn it round ten times 
to make the locking wheel go round once, if it was 360; but being 
only 180, as k reslly is^ then the locking wheel must go two turns 
to make the screw go rotmd ten tiines. 

^* It may seem that it would hare. beep more ready to have had the 
locking wheel to have been reaDy 360, and then one lock woiild pro- 
duce the number. What was Mr. Hiiidley^s reason for tins, Mr. 8. 
does not exactly know, as he never knew btit that it was so till the 
ei^ine came into his hands ; btit he supposes tt tb have been to Avoid 
too fine teeth, or over heavy a locking wheel, as its weight lies an 
the lever by which the main endless screw is, Iby a spring, command- 
ed into the teeth of the great wheel, and coiisequently, by a diflEev* 
ent distance from the centre of the lever, will counteract the apnn^ 
in different degrees. Its being only 180, however, has some advan* 
tages, for every number will produce its double ; thus 72 being put 
on by single locks, it will produce 144. Also, if you want an origi- 
nal number, or one there is not, put on the minute circle, or circle of 
60, that is figured, to which there is a prop^ index to drop into the 
notches. The minutes in the whole circle are 21600 ; divide this Mttt* 
ber by the number wanted, and the quotient will be the nuniber of 
minutes due to each ; which, if above 60, divide by 60, and you wiU 
then have the number of turns of the screw, and parts to fonn each 
tooth ; and the fraction remaining being distributed through the 
whole circle, all your teeth will be true^ within a minute. By count* 
ing thus, you may rufT cut a count wheel, which being obtained, all 
others of the same, or a double number, are easily cut : but tf yoa 
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nenr cm ooont the dotthle» 4ftd the munber given is erea, iheii y<Hi 
had betler prodaoe the half, because that will produce your number 
bj single nqves. If those count wheels are ever so coam^ly cut^ 
even by handf ]ret if they are near enoi^h to engrain with and tun 
round the loeking wheel, its untruth signifies littie> as every error of 
its aoi^ will be lessened in the proportion of 360 to 1. 

^ )f yon w^t a high number, suppose 365 ; auMHigst the dividing 
plutef Now 9, you will probably find the number 73^ whidi, multiplied 
Iby^ pfoduees 366 ; and 360 muldpUed by 73, produces S6S80; and 
dby dividisd by 366 gives 79- It therefore follow^ if you put the 
I^^T^uppn tlie arbor, lUid turn a whole tuiUs wanting one diviskn^ 
yn4 wiUptoduee the number 365 ; and Mr. S. apprehends the other 
£vidiiW (ds^tes will be found adapted to similar purposes* Mr. & 
lememben, that^ for the more ease in counting, Hindky had a couple 
c£ pointers that be could separate like a pair of cotnpasses, and fix 
at aa^ luigle, which, turned round upon the centre of the arbor, and 
by a springing plate or staple^ were stifi* enough to keep any place la 
whidi they wete set The whole turns of the arlK^were eaiily coun^ 
ed, and the pointers being separated to the number of minutes r»> 
gHlted at each move, you set the follower pointer to the minute to be 
eut, and pressing down the index, you moved the leader pointet to the 
index, theti cutting your notch upon the wheel, you move the arboKV 
tol the wbote turns, if necessary, and then so much farther, that the 
foDower pointer eotties to the index, which press down, move the 
pmntac, and cut 4» before. This apparatus, for want of use, Appears 
to be lest, as it did not come to Mr. S. with the ei^^ine, but may be 
made afresh without much trouble. 

CxnTioKS to Me. Reid. — '^ The great dividing wheel being seift 
e&tireiy at liberty from the screw, the catch that holds it there is 
lashed 4#t with pack-thread, — before he undoes that, it will be well 
to inttodHee a bit of soft wood wedge, a card, or a bit of leather, b^ 
tween tlie main screw and wheel ; then Hsleasing the pack*tluea4 
sad tbt catdi, he will soon find, by pressing upon the lever near the 
eaidif .wha( will enable him to release tb^ wedge ; thai setting a tooth 
rf the wheel exactly corresponding to a fiotph of the screw, let it g0 
gently into it. Without this precaution, (before he was aware of it) 
the catch being undone, and a tooth opposing a thread of the scraw^ 
the sudden flirt of the spring that lifts it upwards, might set a bruise 
npon the Uidof the toother die thread* If Opdn letting the screw fair- 
ly inea the wheel, and putting on the smalleat handle or winch which 
bclongi to it, the screw either moves stifly, or there is a sensible shake 

between die wheel and the screw, he will find a screw against which 
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the upper part of the frame of the mun screw at the right hand end 
stopsy by which he can adjust it, so as to hejusi without shake ; and 
then if the screw turns easy and pleasant, all is right ; if not, clear 
the teeth of the wheel fit)m dust, with a middling hard brush, and 
also the screw, and ^ve them a little goose-grease, (not what drips 
from them in roasting) but what is rendered from the internal fat cake, 
as the fat of sheep and bullocks are to make tallow. If the teeth of 
the wheel, or threads of the screw, should get any accidental bruise, 
'the projecting parts should be taken off by a small scraper, or such 
like tool ; the teeth of the wheel and screw, well cleaned with a brush 
and soap and water, and then ground together (not with emery), but 
with such stuff as the cock-founders ground their brass cocks with. 
•For this purpose, the pulley No. 23, must be put upon the handle of 
the screw arbor, and fixed with the plate and screws ; the less grind- 
ing the better, the rotation moderately quick, but must keep the en- 
gine wheel going quite round, and not forward and backward in any 
one place. As soon as it appears to go tolerably regular, no more 
grinding stuff must be put to it, but gradually wiped off and reduced, 
«8 it becomes finer and smoother ; and when the wet is a little dried 
up, feed it gradually with oil, and when judged smooth with that, 
take off the pulley, give it a little goose-grease, turning the screw 
gently to make the wheel go round several times by hand. But if 
there are no palpable defects, it will be best not to meddle with it in 
the grinding way : small matters will remedy themselves. 

^^ There was a part which was obliged to be taken off from the up- 
per part of the en^ne, to suffer the lid of the packing to go down, 
which perhaps Mr. R. will not know what to make ^f without some 
directions : it consists of two steel plates, (see S. Platel V.) both con- 
centrated upon the same arbor, they slide against one another, and 
are held together by a screw, so that either of them may be pushed 
finrwarder than the other. The arbor which is fixed is marked to its 
place where it goes. The use of those is to set either side or middle 
of the cutter to cut directly towards the centre of the wheel to be cut, 
which will be known and adjusted by bringing the joint or separation 
between the two plates, to the centre of the cutting arbor on which 
the wheel is screwed down and fixed ; and when once fixed, will 
scarcely need an adjustment, without there is as at present occasion 
to take it off. 

^^ If the engine had fallen to Mr Smeaton^s lot, he would have put 
it into a complete general repair. Particularly, the cutter wheel is 
much worn, several of the teeth have been broken, and very roughly 
put in, so that it goes very coarsely in its pinion ; he not only would 
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luve made a new wheel, but have reduced the number from 48 to 
36, or rather 35 ; in which case, he would have shortened the handle, 
if lie had found it necessary for motion. As to the cutter pinion, he 
believes it is the very same he saw in the engine in the year 1741 ; 
and therefore, though somewhat worn, must be quite hard ; he there- 
fore did not propose to change it, but to accommodate the teeth 
of the wheel thereto. 

** The spring that lifts the lever of the endless screw, is perhaps too 
stunt, too stubborn, and too sudden ; and, on the whole, is so injudi- 
ciously applied, that Mr. S. cannot suppose it the spring Hindley 
left in the engine at his death, which happened in the year 1771. 
Mr. S. therefore proposed to fix a new one in such a manner as to 
act more kindly and more equably. He also meant to make anew the 
compass pointers above described, for easy counting for original 
numbers, verniers, &c. for divided instruments.*^ 

Having a wheel for a clock requiring the number 105 to be cut on 
it, our dodLmaker, though well acquainted with using Hindley^^s 
ei^;ine in the usual way with count wheels, and even with some of 
the plate wheels, was at a loss how to proceed in it, when we put him 
on the following process : — The endless screw wheel has 36t) teeth^ 
then divide this number by 105, and we have for quotient SrVx^ ^ 
TT9 o' VT9 o^ T* It may not be so easy to get a wheel of 105, but 
one of 70 or 42 may more readily be obtained, particularly 42, as it 
is quite a common number with clockmakers. A large plate wheel 
of 48 notches bebg made and fixed on the end of the endless screw 
arbor, if we turn this plate three times round, and 18 notches more, 
cat one tooth or space, this gone over 105 times, will give 105 teeth, 
and will be equal to 360, the number in the endless screw wheel A 
plate wheel of 7 might readily be notched by hand, and 3 turns and 
3 notches would equally produce the number 105. 

There is almost no omnber but may be come at, by taking a pro- 
cess somewhat similar to the above. Take the number 115 for ex- 
ample, 366 divided by it has for quotient 3 ViV* or ^. A plate 
wheel of 23 notches cut on it, thus turned round three times, taking 
3 notches more, will produce 115. 

Suppose a wheel was required to be cut into a number greater than 
360; for example 735, which would be 15 more than the double of 
360, a plate wheel having 49 notches, and taking 24 of these for 
every time a space is cut in the wheel, it will give the number of 
teeth required, as 720, the double of 360, being multiplied by 49, 
will give 35280, and this divided by 735 wiU give 48. It hardly 
occurs in practice, that wheels of such a high number as this are ever 
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required ; the case is pven merely to show the great extent of num- 
bers that can be cut by such an en^ne. It may be requisite to show 
how the numbers 48 and 49 were obtained. If we dMde 780 by IS, 
m have 46 for qocrtient, and, by the rule of proportion, 49 is got. As 
790 : 48 : : T35 : 49.'' 

Though a detail of the properties of Hindley's engine has been 
given by Mr. Smeaton, yet what follows will perhaps show mase at 
large the yariely of numbers that may be eut by it. 

With the combined assistance of the minUte ^hed, and the large 
wheel of 36Q» there may be cut a great many numheir> between 3 and 
3t<KK>; but as these very hi^ numbers are seldom or never leqoir- 
edy we shall coalait omadives with marking down the nii|0Eit|i of 
those under 600 teeth^ though there is aadodM other mtamedtste 
ttmbers might easily be found by a little calculation^ that could 
also be cut by this combination. 

There are, however, some numbers wliich cannot be produced from 
the minute wheel, and the great wheel of 360, such aa 480, 56, 4% 
91, 14, 7, &c. ; but these, with many others, can be got, by substitnt*- 
aag instead of the minute wheel of 60, a wheel o( 70. By thia laat, 
0H^ numbers can be got, which are also produced by the wheel of 
fiO; but we shall confine ourselves by stating aome of those which the 
minute wheel eannot produce. 

A vmy few pUte wheels, (pediaps ten or a doaen) may be sufficient 
la give any number whatever, however odd or uncommon. 

Itis to be observed, that in the fidbwing taUea, the first cdumn 
iadicates the number of entire tunas and firactional parts of a turn of 
the endless screw, and thete fractional parts are again esqnessed in 
the second column, by the number of 60th parts of a tum of the vi* 
hute wheel, or 70th parts of a tum of the wheel of 70, over and abovo 
the number of entire turns of the endless wpcpw. The third ooluBli 
points out the number of teeth cut. 
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CHAPTER XV. 



On EquaHofi Clocks^ Equation of Time^ and Lunar Motions. 

The first equation clock, whidi is a very ingeiuous comtrivance to 
ihow Iwth mean and apparent time, was made in London about 12Q 
years ago. The following history of the invention is given by Ber* 
tlMnid: 

" The most ancient equation clock," says he, " which has come to 
our knowledgCi is that which was placed in the cabinet of Charles II# 
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King of Spfdn, and which is mentioned at the end of The Artificial 
Rule of Timet by Sully^ (edition 1717,) who gives the following 
account of it, from an extract of a letter from the Rev. Father Eresa, 
of the Society of Jesus, written to Mr. Williamson, watchmaker of 
the cabinet of his Imperial Majesty, of the 9th January, 1715. 

^^ What M. Baron Leibnitz says, in his remarks at the end of Sully'^s 
book, — ^that if a watch or dock did of itself make the reduction of 
equal time to apparent^ it would be a very fine and convenient thing, 
— on this subject, I have to tell you, that from the years 1699 and 
1700, there has been in the cabinet of King Charles II. of glorious 
memory, King of Spain, a dock, with a royal pendulum, (seconds 
pendulum,) made to go with weights, and not with qprings, going 
four hundred days without requiring to be once wound up. I have, 
by order of his Majesty, and in .his presence, seen and explained the 
instructions, which were sent from London with watches, which con- 
tained many curious things. I had orders to go every day to the 
palace, during several months, to observe the said dock, and compare 
it with the sun-dial ; and, at thai time, I remarked that it showed the 
equation of time, equal and apparent, exactly according to the tables 
of Flamstead,^ which are found likewise in the Rodolphine Tables, 

Sully,at the end of the letter, of which an extract has just been ffYen, 
makes the following remarks, page 9 : ^^ What the Rev. Father 
Kresa relates of the clock of the late King of Spain, is very true. It 
is more than twenty years since such docks were made in Londcm ; 
and I believe that I am the first who applied this mechanism (fiir 
equation,) to a pocket-watch, twelve or fourteen years ago.'^ 

A very curious and excellent equation clock, (made by Mudge 
and Dutton,j and some other thingSf were left by the late Gene- 
ral Clerk to the late Sir John Clerk, and entailed on the house of 
Pennycnick. One cf which was a spring clock by the same makers, 
having a very ingenious sort of motion work, so contrived as to make 
the dock strike what may be called Roman hours. The General 
was of a studious disposition, and disliked hearing the long hours 
as they were struck in the ordinary way by common docks. This 
spnng clock stood in his library, or reading room; it had two 
bells, one of them larger than the other, having a tenor sound, 
the smaller one sounding sharp ; one blow on the tenor bell was 



* The earliest equmtion tables were calcalated by oar first Astronomer Royal, Mr. 
FliBHtead, at Greenwich. 
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TeduNied five, and one on the sharp bell was reckoned; one fiir 
example, when a long hoar was to be struck, such as the twdve 
o^dock hour, two blows on the tenor bell made ten, and two on the 
sharp bell made two more, equal to twelve* One blow on the 
tenor bell and three on the sharp bell indicates the eight o^dock 
hour. One bbw on the sharp hell and two on the tenor bell, or ten 
minus one, was the hour of nine. One blow on the tenor bell was 
the five o'^dock hour, and in like manner the other hours were given. 
There is a clock made by Tompion, belonging to the Right Honour- 
able the F4U-I of Moray, at the house of Donibristle, which strikes 
the hours somewhat in this way, by means of a sort of count wheels 
so fiff as we remember. 

A gentleman, somewhat like Greneral Clerk, complained to his 
watchmaker, that he could not bear -the tick tack noise which hia 
spring-dock made, and wanted much to have it suppressed if possi- 
ble ; the 'scapement it had was of the crown whed and verge kind : 
To obtain the end of preventing a noise being made, a piece of gut 
was put across the opening or sink made for the pallets of the verge, 
just at the part where the crown-whed teeth dropped or fdl on them, 
(it must be observed that the gut was stretched paralld to the line 
of the verge arbor,) which had the desired effect of taking the noise 
sway ; and what was very remarkable, after a great many years go* 
ing, no wearing or mark of any kind was visible on the gut. We 
have put thin and hard steel springs, both on verge and anchor, or re- 
coiling pallets, with pretty good effect, for softening down the noise 
made by the beats of the clock. 

Description of Pennycuick House Equation Clock, 

This dock goes a month, strikes the hour, and has a strike-nlent 
piece. The ^scapement is made after that of John Harrison^s, 
Teqpring no oil to the pallets ; the pendulum is a gridiron compen« 
astion one, compos^ of five rods, three of which are steel, the other 
two of sine, or some compound of sine. On the dial are seen the 
hours, minutes, and seconds, and their hands. The minute hand 
keeps mean or equal time ; the equation of time is given by a hand 
with a figure of the sun on it, keeping solar or unequal time, and 
shows at all times when the sun is on the meridian. Its ££- 
fereoce from the minute hand is the equation of time. The 
age and phases of the moon are also represented, the days of 
the year, and of the month, the d^ees of the ecliptic, and the 
signs of the sodiac, the rising, and setting of the sun, the 
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length of die day, &c. The dial is a twelve inch arched one* 
Concentric with the ai^ch, is a sort of ring-platie wheel of 335 
teeth, making its revolution in a year, or 365 days. Its diameter is 
6bout 8 inches, and the breadth of the rim or ring 1^ inch nearly. 
On this ring-plate, at the outermost circles containing divisions, are 
laid down the days of the year ; and on the space next within, are 
the named o( the months, tbd days being numbe^^ by the figures, 
10, 20, &c« The next ch-eli^ contain the 360 degrees of the 
ediptic; the space within has the signs of the zodiac, and the 
numbers 10, 20, and 30, marked for the degrees in ev^ sign, and 
conesponding with the days ot th^ year and of the month, when the 
sun is in any of these signs. The innermost circles contain what may 
be caQed the divisions of the semi^liumal arcs. On ike tipace out- 
side of this are ttarked the C(»resp6nding hour igore^ in Romaii 
characters. Tbi$ is what gives the time of t&e risbg and setting of 
the sun, and the length of the day. 

In the annual plate-ring are rivetted six small brass pillars, one 
inch and one-tenth of an inch in height, whose opposite eild$ irft 
screwed by steel screws, and their heads sunk into a ^ain ri% wheel 
iieatly crossed into six arms, the diameter being five inches and thre^ 
quarters of an inch, and the breadth of the rim three-eighths of iu 
inch. The back of this plain ring is distant fiwm the back of. the 
annual plate-ring one inch and a quarter. The plain ring is at the 
centre, screwed on a brass socket, having a square hole in it With- 
in the firame of the clock movement, and at a perpendicular distance 
of six inches from the centre wheel holes, a steel arbor is run in^ 
and at one end, prolonged about an inch and a half beyond the 
fore frame plate, somewhat like a stud. The pivot in the fore plate 
is of such a length and thickness a^ to allow a square on its outside. 
It is on this square that the equation ecliptic plate is put, and above 
it is put on the annual plain ring by means of its socket, with a square 
hole in it. That part of the arbor which is above the socket is round, 
and serves as a stud for the moon^s age ring socket to revolve on it 
freely and easily. The moon's age ring turns within the annual 
plate ring, and is divided into 59 equal parts, numbered 3, 6, 9, 
and so on to 29t- Its diameter is five inches and one-eighth i its 
Dreadth fully three-eighths of an inch, and it is connected with a plain 
wh^l neatly crossed into six arms, of the same diameter and breadth 
of rim as the moon's age ring, having six small pillars, nearly an inch 
in, height rivetted into it, and the moon's age ring screwed, at the op- 
posite ends of three of them, by three sunk steel screws. This plain 
ring has a socket which runs or turns on the stud above the annual 
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plm wheel; theftoeof the moon's i^ ring comes fluBbvp with tbil 
of the annual plat»-ring, and both come up to the bidi: of the dial; 
in which an opening in the arch is made, in older to show a great 
part of what is on these rings. From th# top of the arch, across thi 
opening, and down in a straight daeetfam, is stretched a rery fine 
wire, soring as an index to tWia^ of the year, the moon'^s age, itc. 
The annual plate-ring asri the moon's age ring, moTe or turn front 
the r^t to the Ml hand, yet separately and independently of each 
ether. Om iike hiside shoulder of the sodret of the moon^s age ring 
iPMftwed a small beveDed wheel, harii^ 37 teeth, and one inch in 
diameter, the use of which will be afterwaids explained. In the dial 
is a eirciilar opening of one inch and three quarters in diameter, A 
littk bdew the opening in the arch : in diis opening ts exhibited th^ 
hmar globe of an inch and a quarter in diameter, made of brass, and 
tflvered ; one half of it is perpendicularly painted black, in order to 
gLvm the phases the new and the flill moon. On the arbor of the 
hmar g^be are two wheels, one of 63 teeth, and about an inch in 
diameter, the other, a bevcUed one of the same diameter, and with 37 
teeth. Both are placed below the hmar globe ; the wheel of 37 and 
the globe are tkst on the arbor ; the wheel of 63 being keyed springy 
tif^t above the bevcUed one. The arbor of the lunar globe is in the 
pbme of the dial, or nearly so, and this bevelled wheel takes or pitches 
into that of the same number, which is screwed on the moon's age 
rii^ socket as before mentioned ; and, by means of holes in the ring, 
die whole, that is, the globe, the bevelled wheels, and the moon^s agef 
ring, &e. can be made to turn together, when the moon is at any 
time setting to its proper age. The pivots of the lunar globe arbor 
run cm oocks, which are screwed on to the back of the dial. Behind 
the globe, and at a little distance tram it, is screwed on to the htnA 
ef the dial, a sort of concave or hollow hemisphere of thin plate brass, 
painted inside of a sky-blue colour. 

We shall now proceed to show how the moon'*s motion is produ-* 
ced. On the top of the month nut-socket, where it lies in the plane 
of the dial, is cut a right-handed donUe endless screw, workbg into 
a small brasa wheel of 15 teeth, which is on the low^ end of a long 
arbor, standing upright in a slit made in the dial. This slit is co- 
vered by a large circular silvered plate, on which are engraved thtf 
hours, minutes, and seconds ; on the upper end of this long Italxir, is 
spinion of 8, which carries about the wheel of 63, and with it, at the 
anne time, the beveUed wheels, globe, and moon^s age ring. The 
pivota of the long upright arbor run in small oocks attached to the 
hsck of die dial. The month nut, or hour wheel socket, mike^ a 
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reyolation in twelve hours, carrying the hour hand. The revolution 
of the moon's age ring is made in 29 days, 12 hours, and 45 minutes. 
The wheel of 63 and 15 being multiplied together, the product is 
945, and this divided by 8, the number of the pinion, gives 118.125 
times six hours, which bang reduced, gives the lunation, or a revo- 
lution of the moon'^s age ring as above, of 29 days, 12 hours, 45 
minutes. The time of the revolution may be made out by another 
way. It is evident that one tooth of the small wheel of 15 is turned 
every six hours ; of course the wheel mVL be made to have a revolu- 
tion in 90 hours, and so will the pinion 8. Then, if we say> as 
8 : 90 : : 63 : 706.75 hours, which is also equal to the given luna- 
tion of 29 days, 12 hours, 45 minutes. To produce the annual mo- 
tion of the ring-plate wheel of 365 teeth, the month nut is cut into 
42 teeth, and makes its revolution, as was sud before, in 12 hours, 
and turns a wheel of 84, concentric ¥rith which is a pinion of 6, lead- 
ing a wheel of 96, having concentric ¥rith it a pinion of 12, leading 
the wheel of 365, which is the plate-ring circle, having on it the days 
and months of the year, the d^ees of the ecliptic, &q. turning once 
round in 365 days. Now, as 365 x 96 x 84 = 2943360, this pro- 
duct, divided by that of 42 x 8 X 12 = 4032, will give 730 times 
twelve hours, or 365 days. The pinion of 12 is put on a square, 
which comes in and through a small hole in the large silvered cir- 
cular plate, the wheel of 96 is put on a round part of the arbor just 
below the jHnion, and is keyed spring-tight on it ; by means of a 
small key which fits the square, to turn the pinion, the annual wheel 
of 365 teetii can be set to any required day of Uie month, which can 
be done without disturbing any of the motion wheels. The setting 
of the moon'^s age ring is equally free as this from any disturbing 
cause. The diameter of the month nut wheel of 42 is one inch, and 
three and a half tenths of an inch ; that of tiie wheel of 84 is 2.5 
inches, and near to a tenth and a half more. The wheel of 96 is 
three inches, its pinion of 12 is .307 of an inch, the pinion of 8 is 
.316 of an inch in diameter. 

The minute-pipe wheel of 56 teeth, and 1 .8 inch in diameter, runs 
on the arbor of the centre wheel, carrying the minute hand. It 
turns in the common way the minute wheel m of the same numb^ 
and diameter, whose centre lies nearly under that of the other, about 
.6 of an inch to the right of the middle line of the fore frame plate, 
and 1.7 inch from the centre of the minute-hand wheel. The arbor 
of tiie minute wheel has a pinion of 8, leading in the common way the 
hour wheel of 96, whose diameter is 3.25 inches, tiiat of the pinion ia 
^26 of an inch. This pinion of 8 is put on the arbor by means of a 



KKKYCUICK U0U8K EQCATIOIi CLOCE. 901 

aquare, and with the minute wheel both are fast on the arbor. See 
Plate XI. No. 62. The upper side of the wheel may be distant from 
the lower fiue of the pinion about .7 of an inch, the lower side hav- 
ing a proper freedom ftt>m the fore plate. Two wheels, one a plain 
wheel of 38, the other a bevelled one of 38, having the same diameter 
1.2 inch, are screwed together, and on a socket common to both ; the 
flat wheel is the uppermost, and is pretty dose to the back of the 
bevelled one, whose teeth look downwards ; their socket turns on the 
mimite-wheel pinion arbor, between the lower fi^e of the pinion and 
the upper side of the minute wheel, having a proper end-shake be- 
tween them ; the back of the flat wheel of 38 is below the lower face 
of the pinion .4 of an inch. These wheels of 38 can be made to 
torn on the minute-pinion arbor, independent of it and the minute- 
wheel. The minute-wheel and pinion arbor extend a little way be- 
yond and below the minute-wheel, perhaps one inch, and three or 
four-tenths more to the end of its pivot ; it extends also beyond the 
(nee of the pinion more than .6 of an inch to the end of its pivot, 
which runs into a cock C screwed on the fore-frame [date. There is 
a part formed on the arbor of a flat circular shape, and whose thickness 
is rather more than that of the diameter of the arbor ; in the middle 
of this a hole is tapped, into which is screwed a stud, standing at 
right angles to the arbor ; a bevelled wheel of 38, and diameter 1.8 
inch with its socket turns on this stud, which is placed on the arbor 
at that distance, so that the two bevelled wheels nmy fairly pitch into 
one another ; the minute wheel is crossed into four, and through one 
of the cross openings, the bevelled wheel B, which is on the stud, gets 
to jMtch with the bevelled wheel ft, which is above the minute one. 
On the inside of the pillar plate is screwed a cock A, nearly 1.8 inch 
m height, and so that the middle part of the upper knee shall be op- 
posite to the lower end and pivot of the minute pinion arbor. On 
one end of another arbor, in length about 2.1 inches, having a shoul- 
dtr on it, is rivetted a bevellcMl wheel c of the same diameter and 
number of teeth as the others ; another shoulder, of just a su£5cient 
thickness, is made on this arbor at the back of the bevelled wheel ; 
the rest of the arbor is nearly straight all the way to the shoulder of 
a pivot which is at this end ; from this shoulder the arbor is squared 
down for about .6 or .7 of an inch, to receive the socket of a small 
whedW of 82 teeth, which turns behind the pillar plate; tUswheel 
it nearly one inch in diameter, and a cock K is screwed on the bade 
of the pillar plate, in which the pivot of the wheel of 32 runs ; a pin 
is put through the socket and square, to keep the wheel fast to its 
place on the arbor. When the shoulder at the back of the bevelled 
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vheel beiirs on the outside of the kneed cock, which is on the inside 
of the [Mllar plate> the cock having a hole in it which allows the arbor 
to ^Q through and to turn freely, then the pivot of the arbor will run 
in the cock which is at the back of the pillar plate. The inside bottom 
of the bevelled wheels which is rivetted on the shoulder of this arbor, 
Jbas the end <^the arbot made flush with it, and a hole made in the 
isftid and centre of the arbor to receive the lower pivot of the Bainu^e 
fimon^ in vrbich it runs or tum^ ; the bevelled wheel, which is on the 
iliid» bdng ^^xised to be^set as low doifn as it shall meet, and jntch 
]N^operly tritb thait which is at the etid c^ the other arbor. 
^_ Jt will noF be seen that the end-shake of these aibors, when com- 
imtif will lie betweA the minute-pinion, cock on the fwe plate, and 
that which is on the ba<^ of the pillalr plate. Let us suppose, that 
ib^ beveUed whe^, which is at the ^nd of oqe of the$e arbors, i:emains 
/itationar^, and th$t the minute pinion and irheel are carried about 
hjf the minuteTi»|)e wheel, which is pnthe arbor of the centre wheel; 
during a revoluti»>n pf the joq^inute-wheel and piwon, the beveUeil 
whisel which turns on the stud, will be carried not oply round Irlth 
i^ stud,, but is made to make another revolution by ipeans <^ its turn- 
iig round on ^he teeth of the beytelled wheel, which is stationary, 
causing, the. bevelled wheel? ^d ^e flat wheel connected with it, 
Jrhidbi are. below, the.midute pinion, to make two revolu^ns in the 
iu^ur ; iind ajs the flat Whed of 38 l^eth turns the sun-hand whed of 
H6 teeth, ahd 2.3 inchi^ in di^neter, this la^t must make its revnlu- 
Abn in an hour. ltd socket turns freely on that of th^ minute- pqpe 
wheel, which carries the minute hand; between the sun-hand wheel 
and this minute-pipe wheel, is a.sl^nd^r l^pital spring, the inner end 
iiC which is fixed to the lower end of the sunVwheel socket, the outer 
«Dd b^ing fixed in a stud on the upjier surface of the minute-hand 
Wheeh This sf»ing is for the purpose of kee^nng ferward the supi 
hand to its place, notwithstanding any shake which may be anumg 
ttut teeth of those wheeb cohcemed in the equation motion work. 
Hie Jun's hand is ot* brass gilded, having the figure of the sun on it, 
4Mba little distance from the end which points to the minute diviaions . 
The dun'a hand lies between the hour and minute hands ;. the wheel 
«f 76y whieh carrins it, heaidea the nlotion of going o^oe rbund in an 
hDnr,.has at taie time a amaU motion retrograde, at another a 9m4il 
malioAcprqgrGnive, according to the equation ; and tbere. toe fimr 
tines in the year when the minute and sun hands are nearly together. 
One half neariy of the sun wheel is crossed out on that sidein whidi 
ihe tfun'^s hand lies, in order that the equilibrium of the hand and wheel 
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taaj be as nice at poafible, whatercr may be the poadon of the nm 

hand. 

From the centre wheel bole on the fbre frame [4ale» towards the 
Icfk haad^ and a little upwards, take, with a pair of compasses, adis- 
tance of 3.8 inches^ and sweep an arch, and then from the centre of 
the hole in which die arbor runs, whidi carries the annual-plate wheel, 
take in the compasses an extent of 46 inches, and sweep another ardi 
ao as to intersect the first, the jdisoe of intersection will be that cf an 
arbor luTing pivots, one of which runs into a cock screwed on the 
back of the pillar plate ; the other runs into a cock screwed on the 
front of the fore-fraone plate ; a notdi is made on the edge of each 
frame plate to admit the arbor to come to its place. On the end of 
this arbor, which is just behind the pQlar pkte, is fixed a rack, or seg- 
ment of a circle, 5 inches radius, having 33 teeth cut on it, cut 
/ram a number on ffie engine fUaie of 318 ; the rack-teeth pitch into 
the smldl whed of 32, which hes bdiind the pillar plate, and whose 
centre coincides with that of the minnte-pinion arbor, as mentsoned 
befive. Ob the other cud of this arbor, and beyond the fbte^aaie 
plate a very little, is fixed an arm of 4.5 inches long, having at the 
okd of it a smooth hard steel pin, which bears on the edge of the a»- 
nnaLdUptic equation plate, being made to do so by means of a coil 
or two of watch main-spring not very strong, attached to the arbor, 
near to the inside of the fbre-frame plate, die outer end being fixsd 
to one d[ the pillars, or to a stud fixed for that purpose on the inside 
of the fore plate. The elliptic equation plate b a very irregular sort 
of a figure, as may be conceived in some degree by the description of 
its diape ; its greatest length over all is 6.6 inches ; the centre is 3.B 
inches from the broadest end, and S.7 inches firom the narrowest ; the 
nearest edge across the centre is about one inch, and the edge oppo^ 
Nte is 1.8 indli ; the greatest breadth of the broad end is near to 4 
indies, that of the narrowest end ii 2.8 inches. During the eovMk 
of iti annual revolution, the edge of the elliptic plate makes the aim 
wUdi has the steel pin in it rise to various heights, and fall as vaii^ 
oody to different depths. By this rising and falling, the rack whidi 
ii at the opposite end <tf the arbor, is made to have a motion somat^ 
times backward, and at other times forward, which it communicaSBf 
to the small wheel cf 32, behind the pillar pUte, and of ootDse tb 
the bevelled whed of 38 on the same arborwith it. This continual^ 
ly canaes a small diange of place to the bevelled whed of 38, consoi 
quendy a change of place to that which turns on the stud, and hence 
to the whed carrying the sun hand. This diai^ is what gives the 
equation, shown by the difference of time between the minute and 
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Bun facnd. When the pin in the arm falls, the equation or sun hand 
goes forward, and when rising it goes backward. The greatest nega- 
tire equation for 1815, on the third day of November, is 16 minutes, 
14.9 seconds, which, added to the greatest poritive equation for the 
same year on the 11th of February, being 14 minutes, 36.5 seconds^ 
makes in all 30 minutes, 51.4 seconds ; so that one tooth of the whed 
of 32 may be nearly equivalent to one minute of equation. To trace 
properly a true figure to the equation plate, must be a very tedious 
and nice operation ; for this purpose the radk, and all the wheels im- 
mediately connected with the equation, must be put into tlieir places^ 
as also all those which give modon to the annual plate, and tohavea 
spring tight arm, having a sharp point to it, bearing on the face of 
the brass-plate, wUeh is to be the elliptic one : the sharp point must 
lie so as to coindde with the side of the steel pin when bearing on th^ 
edge of the dliptic plate. The sun and minute hands being on, «id 
the annual plato set to the 1st of January, the equation hand set to 
the equation for that day, then by setting forward the minuto hand 
12 or 24 hours, the equation hand may be changed to what it ongfat 
to be in the same time ; so by going <m step bystep in this wqr, 
the figure of the equation or dUptie plate may be truly done. The 
rack must be artificially made to assist in this ; and when the revo- 
hitioB is completely at the end, before taking out the rack and the 
equation wheels, marks must be made to one of those teeth, and like- 
wise to its coiresponding space in the other wheels, so that when they 
are again put into their places, they shall give such equation aa waa 
done when tracing for the elliptic plato. 

Besides the days of the month, which are shown on the annual 
plate, there is a common month ring, having 31 figures engtaved on 
it, placed as usual at the back of the dial. One of these figures is 
shifted every day through the whole ring when the month consists of 
31 days, and two figures at the last are shifted at once when the 
month consists of 30 days, to bring the ring to the first day of the 
succeeding month ; and at the 28th of February, four figures are 
diifted, so as to bring the ring to the first of March : by this means, 
die day of the month ring requires no shifting or correcting at these 
periods, as those in the common way do. To produce this motion, 
five short steel pins are placed in a circle, on the under side of the 
dUptic plate, whose radius may be about half an inch, and set at 
such a distance firom one another as to correspond with the numbers 
of days between February and April, between April and June, be- 
tween June and September, between September and November, and 
between November and February. This may be done by ap^yii^ 
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the ellipiie pUte on a cutting or dividing engine, having tb^ 
Bimber 365 on the dividing plate. When fixed on the engine, 
and set to the first point of the number, nuke a point for Fe- 
bniaiy <m the elliptic plate, then count off 61 from the divide 
ing |date, which will give the place for the pin on the 30th of 
April ; another 61 will faring it to June 30th ; 92 will give 
the 90th September; 61 the 30th November; and 90 more wil) 
fanng it to the 28th of February, the point from which we set 
out. When the juns are put in the elliptic plate, that for Fe- 
bruary will require to be longer than the others, for a reaaon which 
will be explained when we come to show the use of ikehc pins. The 
iMtttb wheel of 84 teeth, and whose diameter is 2.75 inches, has its 
entve on the left-hand side, distant from the central perpendicular 
fmt 1.4 inch, and from the centre hole in the fore-frame plate 2 inr 
dbea. The month wheel, as usual, is turned about by the month nut. 
A long piece of brass forming two arms, each four inches in length, 
has a small arbor through the middle of the whole length of eight in« 
dwi. The pivots of this arbor run into small cocks, attached to the 
fiom of the fore plate, keeping the losg piece of brass very near to 
tkefrfate : indeed a great part, particularly the end of the upper arm. 
and towards it, is sunk ptttly into the fore plate. This long piece 
of tanas is placed so, that one of the arms shiJl come to the socket of 
the month wheel, and the other with its end nearly below the circle 
in wbidi are the five pins, in the annual elliptic plate described as 
befive. A spring is placed bebw this upper arm to keep it up, un- 
less wlien any of the pins get on the end of the arm and press it 
down, llie end of the arm is chamfered, or made so that any pin, 
afiproachii^ it, gets easily on and presses it down gradually, by 
of ascending the chamfered part ; and, when past this, it meets 
widi a flat and very narrow place, where it cannot remain longer than 
soow time short of 24 hours, say 16 or 18 hours, or perhaps not so 
long. After having passed the flat part, it meets with a chamfered 
side opposite to that of the first. Besides that of freeing the pm, 
dua Js made fior the purpose of more easily setting back or forward 

the aonaal {date. 

The month wheel has its socket equally long on both sides, and 

qute straight, the length of each may be .6 or .7 of an inch. Two 

small brass pillars are rivcttcd on the upper side, and opposite one 

soother, .«ach at a distance from the centre of the wheel about .7 of 

an indi, (See No. 62. 2 and 3.) the height of the pillars fit)m the 

wheel to the shoulder about half an inch ; and {rom the shoulder of 

X 
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each pillar, a sort of istraight pivot is prolonged about half an indi 
more ; the diameter of these pivots about one-tenth of an inch, that 
of the pillar .2 of an inch. There is another socket which goes easi- 
ly on the lower or under socket of the month wheel, which is rivetted 
in a rectangular piece of brass, about an inch long, and half an inch 
broad, or nearly so, say .4 of ah inch. In this piece of brass, on the 
side opposite that of the socket, are also rivetted two small and 
straight brass pillars, about an inch in length, and the diameter about 
one-tenth of an inch. There are holes in the month wheel to allow 
these pillars to go easily back and forward in them ; thdr places will 
be equally between the month-wheel socket and the pillars which are 
rivetted in the month wheel. The other ^ds of the small stndgbt 
pillars are made fast, by two small steel screws, to a pieoe of brasa^ 
which is formed to correspond vrith two broad crosses of the month 
wheel. Only one of them is made to have at the end a segment of a 
circle, whose radius is nearly equal to that of the month whed. On 
this segment three teeth are cut, equal in dieir spaces, and eoaferm 
to those of the month ring. In the arms or crosses of the segment 
are three holes, one of which goes easily over or on the iq>per sodcet 
of the month wheel : the other two holes go easily on the small straif^ 
pivots, which have been already mentioned. This segment cannot be 
put on the ends of the small pillars, till the socket of the rectai^phnr 
piece of brass is put on the lower socket of the month wheel, having 
previously made the pillars connected with it to para throuf^ their 
holes in the month wheel. It will be easy to perceive, that when the 
segment is put on to its pillars, and a sufficient space left bdund die 
month wheel and the rectangular piece of brass, its socket nwy be 
made to pump up and down on that of the month wheel, and «l the 
same time carr3ring the segment back and forward with it : a pin in 
the month wheel stud keeps the month wheel socket always to its pio- 
per end-shake, notwithstanding any motion q£ the s^ment bacbranl 
and forward. Below the rectangular piece on its sod^t, a small 
groove is turned out, for the purpose of a forked piece getting on 
it : this forked piece is formed on that end of the arm whieh liee 
along the fore plate, and on to the socket or centre of the anmth 
wheel. 

From the preceding description, it is evident that when any of tile 
elliptic plate pins come to press down that end of the upper am wUdi 
lies near and under them, the forked end will raise up the g r oo v ^ 
socket, and the segment which is connected with it ; hence Aei ecth 
of the segment will meet withpins which are at^e back of thenEwnth 
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ling, and by their menu will turn the month ring. On the month 
wh e el is fiiDed a pb, vhich^ in oommon, Aifit the day of the month 
ling ; but in chose months in whidi there are only 90 days, the pins 
m die eDipCie plate, which prem down the end of the arm, make the 
segment be pnmped up only so finr as to meet with one of the pins at 
the back of the month ring, which is a little longer than the other 
two ; and one day being shifted by it, and another by the fixed pin 
in the month whed, this makes the shifting from the SOth to the 1st 
dvf of the succeeding month. 

■ The pin in the elliptie plate, (or the month of February, being 
longer than the others, presses the end of the arm a little more down, 
e ons s qn ently the pumping up of the segment must be to a g^reatcr 
height : by this means the three teeth on the segment get hold of the 
dbse pins on die back of the month ring ; this, with the fixed pin in 
dfee month wheel, are ready to shift four teeth of the month ring, vis. 
the 88th of February to the 1st of March ; and by this very in. 
sort of meehanbm, the month ring shows always the right 
dvf of the month, except on the 89th of February in leap years. It 
wmf he necessary to notice, that the fixed pin in the day of the month 
whed must be placed at such a distance firom the first tooth on the 
It, as is equal to the space b etw e en the teeth on the segment : 
month ring is not attached by rollers to the bade of the dial in 
Ae nsnal way, but runs in four rollers, which are fixed on four brass 
on the fore-ftame plate. This is finr the conveniency of seeing 
easily the operations of the segment with the month ring, when 
ihe eegmcnt is pumped up and down. 

The construction of the month wheel, and the apparatus for shift- 
ing the month ring, will be better understood from No. 62, 2 and 3, 
A, A, is the month wheel ; B, B, two arms or crosses neariy 
to tiiose of die month wheel, haTing a hole in the centre, which 
ftedy on the upper socket of the month whed. On one of these 
in a segment of a cirde, nearly of the same radius as that of the 
whed, having diree teeth cut on it, like those of the mondi 
limg ; «, a, are two brass pillars rivetted on the upper side of the 
whed, the upper ends being formed into sort of pivots. On 
and the month-wheel socket, the segment is made to move free- 
ly vBf and down. C is a rectangular piece of brass, into which a 
asAet it liretted, which moves up and down on the lower socket of 
lie month wheel, having a groove turned out on it, receiving the 
Mbel end of the arm, which pumps it op and down ; i^, 6, are 
tM onaB piBars, which are riveted also into the rectangular j^eoe 

x8 
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of brass, having two holes in the month wheel, through which they 
pass easily up and down ; the other ends of them go into the segment 
B B, and are screwed to it by means of two small screws. On one 
of the arms of the month wheel, is screwed a small knee^d sort of code 
d, having a pin fixed in it, for turning the day of the month ring in 
the usual manner. 

For an account of an equation clock by Henry Ward of Blandford* 
See Trans, of the Society for Encouraging Arts, Manufacture$f 
and Commerce. Vol. XXXII. See also Journal de Physique^ 
Paris, par M. Jbb6 Sozier. Tom. XXXII. Part Isty for a descrip- 
tion of a clock made by Robin of Paris going apparent time. 

The following is a method that may be proposed to shift a day of 
the month ring, or a day of the month wheel, whose arbor carries 
a hand that will require no correcting except to February in leap 
years. 

Take a wheel of 73 teeth, being the fifth part of 365, the number 
of days in a year ; if a small star wheel of 6 is put on the arbor of 
a single threaded endless screw, working into the teeth of the whed 
of 73, and one of the radii of the star wheel be turned eveiy 24 hours, 
it is evident that five days will be required to move one tooth of 
the wheel of 73. Let a contrate web or rim be formed on one 
side of the wheel of 73 ; to a fixed stud, apply a double or jointed 
lever, one end of which is kneeM, the nib resting on the edge of 
the contrate rim, and occasionally falling into notches made in it. 
The other end, which is forked, takes in with a groove or notdi, 
turned on the socket of a 24 hour wheel, with dodnnakers com- 
monly called the month wheel : on the kneeM end of the lever, fidl- 
ing into any of the notches, the forked end will rise and pump iq» 
the month wheel, which will take place at the end of the montlit 
having 30 days ; the notch for the end of February is a little deepert 
so as the month wheel may be pumped a little more up. In the 
month wheel which pumps up and down, there are four pins placed m 
as they may pitch in with four teeth of the month ring or wheeL 
The pins are of different heights ; the longest is that whidi tumt die 
month ring in ordinary ; the next is a little shorter ; these two take 
in with the ring when the month has 30 days, and turn it to the finft 
day of the succeeding month ; all the four take in with it at the end 
of February, and turn it from the 28th to the Ist of Mareh : tlie 
last two pins are of the same height, and a little shorter than the 
shortest of the other two. The chief thing to be considered in thb 
business, is the proportioning the diotances of the notehea in the 
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coBtrate rim. There are seven mokithf in the year consisting of 
31 days each, finir of 3!) days each, and one, in common years, of 
9B days. It will be found, when seeking for the proportions, that the 
acrew most make 6.2 turns fer each month of 31 days, for those of 30 
dmj% 6 turns, and for that of 28 days 5.6 turns. The number of turns 
nquired for die screw to make according to the respective months, 
bebg multiplied by the number of months, will give 73, the number 
of teeth in the wheel baring the contrate rim on it, and which must 
a revolution once in a year or twelve months. The number of 
whidi the screw must make in a year, is shown by the foUow- 
mgoperaftion : 6.2 x 7 = 43.4, 6 x 4= 24. and 5.6 x 1 =: 5.6. Now 
4a4 + 24 +5.6 = 73, the number sought for. In setting off from the 
hfgimiing of January, the nib of the knee'd [nece will rest or be on 
the edge of the contrate rim until the 28th tlay of February; the screw 
m the meanwhile moving the wheel of 73, will bring the rim forward 
wkh a notch, into which the knee*d piece falling, the opposite or 
Meed end of the jointed lever dien pumps up the wheel with the 
fNnrinna,andthey turn the month ring from the 28th of February on 
to the Ist day of March. One side of the kneeM piece is bevelled, so 
as it may rise easily up again on the edge of the contrate rim, which 
mainng forward, the nib keeps on the same plane, until the wheel of 
78 has turned so for on as the 30th day of April : a notch at this 
lime presents itseU; and the kneeM piece drops into it ; on being rais- 
ed up, it keeps as before on the edge of the rim, until the 30th of 
Jane, when another notch comes ; after which the kneeM piece will 
be on the rim until the 30th of September, and again from that to 
the 30th November. So that there is only five times in the year 
liait the knee'd piece has to fall into the notches, whose distances are 
proportioiied according to the number of turns the screw has to make 
Auing the intervening number of days. Two wheels of 24 hours 
fsdi are required, one for turning the small star wheel, the other a 
paaHiiiig one for the month ring. The double or jointed lever would 
Kquice a spring to press it not only into the notches, but also to 
keep it steady on the edge of the contrate rim. It may perhap not 
be unnecessary to apply a jumper with a slender spring to the star 
vfaeel, to keep it in its place during tlie time when it is not turning, 
tiueh is for the greater part of the 24 hours. In place of the pump- 
lag being made by the knee^d piece foiling into notches, the same 
amy be obtained by raised pieces, formed from the edge of the con- 
tate lim, retaining planes for the nib to hold on ; but this will give 
a ooutiaiy direction to the pumping, which any judicious workman 
can adapt to the plan of the motion he sets about. Seing the mo- 

x3 
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tion of the screw is so dow, the execution will require to be niodj 
done, SQ as to make the shifting at all times efiectoiL 

Another way of shifting a day of the month ring righf^ except 
to February in leap years, may be done without the nitenren- 
tion of an »tmual wheel. Suppose the mcmth ring to be turned 
by a pin in the month wfaed in the usual way, when ilie month has 
31 days, or even when it has 30 or 98 days. But in order to make 
the ring, on those months haying 30 and 98 days, be turned to iihe 
first day of the succeding month, the following, whidi ia to be de- 
scribed, has been eimtriyed. A star wheel of twelve radii and 8.7 
inches in diameter, whose centre is 4.5 indies below that of the dial, 
concentric with it is a oontrate rim or hoop 2.5 inches in diameter, 
and near to .3 of an indi deep. In the month wheel are four pins, 
equally distant from one another, so as 'to pitch equaDy and ftedy 
with the teeth of the month ring. The height of the first fHn is 
about .3 of an inch, that of the second about .8 of an indi, and the 
next two .1 of an inch, or a very little higher. On the back of the 
month ring are three pins, the longest of which is near A of an ineh 
in height, and placed near to the iqiace which is opposite to the tooth 
for the 28th day ; that is to say, on the left hand, when lookingiit the 
back of the ring, in the middle between the S8th ^md 89th tooth, 
the other two pins are about half of the height of the first, cfne of 
which is placed in the middle of the breadth of the ring, and bebw 
that space which is opposite the 30th tooth, the other is placed with- 
in a tenth of an inch to the outer edge of the ring, and under llie 
middle of the space opposite the Slst tooth : one begins, the other 
terminates the motion of the star wheel at all times* The dEaintter 
of the month ring is about 8.6 inches, the breadth .7 of an inch, the 
breadth including the teeth .85 of an inch : These conditions, how- 
ever, are not arbitrary. The lower edge of the ring is bdow tile 
centre of the dial 3.1 inches. There is a long arm or double lew, 
whose centre of motion lies near to the fore-finune plate, and betweoi 
the centre of the month wheel and that point, which is a tangent to 
the contrate rim on the star wheel, the whole length being 8.6 inch- 
es. That arm which comes to the centre of the month wheel, is 
forked at the end, and takes in with a groove in the montb«wheel 
socket, and by a spring, which lies under it, the month wheel is made 
to pump up and down, requiring to have a tfaiek month not, unless 
the pin and segment, as described to the equation clock, were adopC- 
ed. The other arm of the double lever has its end bent into a 
square hook or knee'd piece, whose nib rests alwqn by mtaaa of the 
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Irrer qyring, on the edge or planes of the contrate rim, which is 
&nned into steps and notches with a plain bottom. The steps are 
nqnired only at the months having 30 days, and at February, hav- 
11^ 28 days. The nib of the lever remains on the bottom or plane 
of the notches during the whole of the month, and the star wheel is 
then Btadonary ; its motion takes place only at the time of shifting 
any of the twelve radii : when this happens at the end of the months 
having 31 days, the nib then moves along the plane or bottom of the 
notch. Above one of the radii, that which serves for the month Fe- 
hnaiy, a piece of brass is put, and prolonged a little beyond it ; so 
diat when the month-wheel pin comes to turn the ring from the 38th 
iajf at that instant, the long pin on the ring meets with this piece of 
fanMy and, carrying it on, makes the lever nib to rise up on one of 
the steps, where it remains for a while, and the month wheel being 
p maped up, all the four pins in it get engaged with the teeth of the 
aonth ring, and tnm it forward to the first day of March ; and, just 
about, or a little before the termination of the shifting, the outer- 
■ost pin on the ring carries one of the radii (that in the line with 
Ae piece of brass,) so far on, as to make the nib to fall or drop from 
fff the stq> into the plane of the succeeding notch, where it remains 
till the next shifting of the star wheeL When the month has 30 
dsys, the pin in the middle of the month-ring's breadth is made, by 
JBeaas of the month-wheel pin shifting the ring, to push on one of 
•the star-wheel radii ; and this having a step here, the nib rises up on 
it, and remains so long as the ring is nearly shifted to the first day 
if the succeeding month. The pin on the outermost place on the ring 
slways terminates the motion of the star wheel, and makes the nib 
fidl when it happens to be on a step, there being no step to meet it 
^leii the month consists of 31 days. Not depending on very nice 
eiecntion, this is perhaps the simplest and easiest way of making a 
lUftiDg for the days of the month, requiring no correcting except in 
leip years. 

The following are other two Methods for this purpose^ which we 

used also to put in practice. 

In one of these, the day of the month is shown by a band from the 
centre of the dial, which makes two revolutions in 365 days, and 
yointa to two sets of circles of divisions near the outer edge of the 
diaL These divisions arc made from the number 365 on the dividing 
plate, by taking them alternately, setting out from the twelve o'clock 
hae on the inner circles of division, two 365th parts will be the first 
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of January, and, continuing so on to the last day of June, will be 
181 days, which will be short firom the line or point set out from, by 
one division and a half; so that when the hand starts from the 30th 
of June, to the first of July, on the outer circles of divisions, it will 
then be half a division firom the Une set out from on beginning Janu^ 
ary ; the 2d of July will be half a division beyond it ; hence these 
last set of divisions will lie opposite the middle of the spaces of those 
divisions gone over in the first six months : by this means, the hand 
shows always to what day it is pointing, and also to what month. 
There is a small space between the two sets of divisions ; the names 
of the first six months are on the inside of their circle of divisions, and 
those of the last six months are on the outside of theirs ; the days are 
figured or numbered 10, SO, 90, or 81 and 28; the intermediate 
fives are distinguished by the division being prolonged a little out- 
ward on the outer divisions, and inward on the inner. To produce 
this motion for the hand, let a 24 hour wheel, having a pin in it, 
and near to its centre, taking into a ratchet or star wheel of 25, with 
a jumper and spring to press it on the ratchet-wheel teeth ; concen- 
tric with the ratchet wheel is a pinion of 10, leading a wheel of 73, 
on whose socket is the day of the month hand, one of the star or rat- 
chet-wheel teeth being turned every 24 hours, the jumper makes 
the hand to start daily over one of the divisions on the circles. 

In the other method, the day of the month is shown on a tnovesble 
circle, whose revolution is made in 365 days. This circle should be 
as large in diameter as the square or circle of the dial, and its breadth 
fully 1.25 inch, and made to turn on rollers inside, or on the back of 
the dial. The inside edge of this plate or ring circle, is cut into 365 
teeth, a pinion of 8, on whose arbor is a star wheel of eight radii, on 
which a jumper with a smart spring works ; one of the radii of the 
star wheel, being tuned daily by the month wheel, carries the circle 
on, by means of the jumper and spring, one 365th part of itsrevolu- 
tion. On the annual circle are 365 divisions between circles, with 
the names of the months, numbered and figured much in the same 
way as in the former case ; a small index, made from the opening in 
the dial, points to the divisions or days of the month ; the pinion of 
8 has one of its pivots run into the fore-frame plate ; the pinion bead 
pivot runs in the dial, so as to pitch the pinion with the teeth inside 
of the circle. The opening in the dial may be one fifth or sixth 
part of the circumference of the circle, in order to show theononths 
coming on and going off. If the plate circle was made somewhat 
bfoader, the sun's equation and declination might be laid down on it. 
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There is no occasion to describe the eommon month-ring work, as 
it is well known to every dock maker. 

Lunar MoHon W&rk. 
For a Innation consisting of 29 days and a half, let a tweWe-faonr 
wheels with a pin near its centre, torn a tooth of a ratchet wheel of 
59, having on its arbor a hand pointing to a circle divided into 99t 
finr days, in which time the hand will make one revolution, and, in 
the interim, it shows the age of the moon. This, thouj^ not giving 
a lonation completely, is more commonly done by a large plate wheel 
kafing 118 ratchet teeth cut on its edge, and placed concentric with 
the circle of the ardi of a clock dial; at whidi centre there is astudp 
on this the platt-wheel socket turns, one of the ratchet teeth being 
laned every twdve hours by the pin in the twdveJiour whed. Near 
la the edge of the plate wheel, is a circular space divided into twice 
S9s finr the days of the moon's age ; within the space are two full fSM)eB 
spposite one another, representing the moon, and coindding nearly 
vith the fifteenth divisions ; a small index fixed at the top of the 
mh, pointing to the drde of divisions» shows the day of the moon^s 

On the line forming the upper side or square of the dial, coincid- 
ing with that of the diameter of the semi-circular opening in the ardi 
of the dial, two semi-drcular parts are formed firom and above the 
fine, whose diameters are equal to the moon fi^es, and as these, 
bf the revolving of the moon [date, gradually emerge from or get be- 
hind the semi-drcular parts, making the phases c£ the moon to 
be shown. It is usual to paint the ground of the moon plate a sky- 
blue, with a few stars of a gold or yellow colour on it. 

A lunation of 29 days, 12 hours, 45 minutes, which is perhaps near 
fttoogli fiir common ordinary purpoees, may be given by a twdve-hour 
iriied, having, concentric with it, a lantern pinion of 4 leading a wheel 
of 46, on the axis of which is a jNuion of ISleading the moon plate, 
luring 126 teeth cut on its edge. The pinion of 12 is keyed by 
of its socket spring-tight on the whed of 45, for the conveni- 
of setting occasionaUy the moon to the proper day c£ its age. 
The moon plate, with the opening in the arch, may be the same as 
befixe described, to show the age and phases. 

Should greater accuracy, and a nearer approximation to a mean lu- 
natioii be required, sedng it consists of 29 d. 12 h. 44 m. 2 s. 8283 
dec, we refer to pages 66, 67, 68, 69) for the solution of a problem 
by CmmuMj to find the numbers of whed teeth and pinion leaves that 
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shall pw a true lunatioii. And to pages 70^ 7'' ^^ 7^> ^^^ ^ ^^ 
nation work by Mudge^ that gives the time of a lunation extremely 
near ; and also to pages 56 and 57» for the mode adopted by Janvier 
in his Sphere Meuvante^ to £bd numbers for the wheels and pinions 
ao as to get a lunation &r it» which by him is said to consist of 29 d. 
12h. 44m«8s. 52. ^ th, assuming a true lunation to be 89 d. 18k 
44jn.28. 8283, and turning it isAo days and decimals of a day, we 
have 89,5806888905, fee. fee.; but as this number is great, and not 
▼cry eaaly broken down into propev factors, kl us take only as fiur 
as aSzof die decimal figures, aad let it terminate at four instead of 8, 
which will give the hmatiou a very little in.defeot, and let us snp- 
|nse a mover of 24 hours, we shall then have the firaction jgffg^ s 
jg^ i whicii gives the eleven fellowiiig quotients, viz. 29^ h 1^ 7» 1, 
1^ 14, 1, 1, 34, and from them forming alternate ratios in the mea- 
ner which hasform^y been shown : this done, if we take Aeseventh 
iratio -—p we shall obtain two pinions of 19 and 37, and twowheek 
cf 190 and 173, which fimn a 24 hour mover, wiH give a lunation 
a£99 d. 18 h. 44 m. 2 s. 38975, which is only ehiort of the true lu- 
nation .^^ of a second, — an errorso small, as it would require above 
67 days to amount to a second, and more than 11 years before jt 
amounted to one minute. 



On Time* and the Eqtuitum of Time, 

A table of the equation of time becomes absolutely necessary for 
Ihe practical artist when i^egulatiag his deck,- whether he takes the 
sum's time from a sun-dial, % meridian line, or from a transit in- 
strument. Time has always beeji measured and defined by die mo- 
tions idf llie heavei^ly bodies, and particularly by the motion of the 
eun, as being the most regular in his afjppat^nlt revolutions. hxL 
apparent day, however, ot the interval between two successive tm- 
eftts of the Gfim^s centre ever the same meridian, is subject to contiMi- 
al variation, owing to the eccentricity of die earth's orUt, and ofali- 
quily of the edipide to the plane of the equator. These vaiiadons 
are inserted in a table, which is caUed a Table of the Equadon of 
Time. The oUiquily of the edipdc is die angle made faf the in- 
tersection of the equinoctial and edipdc, or earth's orbit. At the b^ 
gitining ef the year 1816, this ttogle was S3^ 8T' 40''.4, and which has 
been found to decrease about hatf a second annually, and at the end 
of the year 1S2S, it is 83* VJ W\%. A mesn day is the interval 
that iHselA be iobserved between two snesessive transits ef the avi's 
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centre inrer tbe sane BMridiM^ if the MTth^a orlHt WM orci^ 
wan ahrsjrt in the equinoctiaL Thus, the tntenrak betwixt the traa- 
ike would be all equal, audi aa are ahowB bf an equal gcnng deck, 
that oounta 24 hours in a day, and 365 days, 5 hours, 48 minutes, 
46 seconds in a year. A ehMk or watdi thus set, u said to be acU 
justed to mean time* 

The prindpal divisions of time, are the year and the dasfy whidi 
are measured by the qyar eot annual and diurnal reFolutions of the 
sun. The day or the time wUdi the sua appears to go round the 
esrth^ is divided by docks and watches into bonrsy minutes, and se- 
conds. The length of a tropical year, or the time the sun is in go* 
bg from any point of the edUptic to the same again, contains 365 
^s, 6 hours, 48 minutes, 48 seconds. And the siderial year, or 
the time which intervenes betwixt the conjunction of the sun, and 
soy fixed star, to his next conjunction with the same star, contains 
365 days, 6 hours, 9 minutes, 11.5 seconds. The difference be- 
twixt die tRypical and siderial year is oecassioned by what is sailed 
Aepwcessionof the equinoxes, whieh is the fallng badt of the equi- 
noctial points every year 50^^ seconds of a d^pree, or one degree in 
78 years ; so that in about 2160 years, these points cfaaiige a whole 
ngn in the lodiac. 

Time is distinguished according to the manner of measuring the 
day^ into apparent^ meaUf and siderial. Apparent time, also called 
true Solmr and Astronomical time, is derived from the observations 
of the sun. Mean, or mean solar time, also called equated time^ is 
• mean or average of apparent time, which is not always equal Si- 
derial time is shown by the diurnal revolution of the stars. 

Mean time is deduced from iqpparent, by adding or subtracting 
the equation, as directed in the tables. A siderial day is the inter- 
?al between two successive transits of a star over the same meridian, 
whidi interval is always uniform i for all the fixed stars make their 
revolutions in equal times, owing to their immeJiBe distance, and to 
the unifimnity of the earth's diurnal rotation about its axis. The si- 
derial day is shorter than the mean solar day^ by 3 minutes, 56 
teooads nearly- This difference arises from the sun^s apparent an- 
nual motion firom west to east, which leaves the star as it were be^ 
hind. Thus, if the sun and a star be observed on any day, to pass 
the meridian at the same instant, the next day, when the star returns 
to the meridian, the sun will have advanced nearly a degree easter- 
hjl ; and as the earth's diurnal rotation on its axis is from west to east, 
the star will come to the meridian befiure the sun, and in the course Qf a 
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year the star will have gained a day on the san ; that in, it will have 
passed the meridian 366 times, while the sun will have passed it only 
365 times. Now, as the sun appears to perform his revolution of 
360^ in a year, or 365 days, 5 hours, 48 minutes, 48 seconds, he 
will describe 59^ 8".3 of the ecliptic in a day, at a mean rate ; and 
this space, reduced to time, is nearly equal to 3 minutes, 56 seconds, 
the excess of a mean solar day above a siderial day. Hence it ap- 
pears, that the earth revolves 59 8"-3 more than once round its axis, 
or 360^ Bff ff'.8 in a mean sobr day, and a omiplete revolution, or 
360° in •a siderial d»y ; therefore, the length of a siderial day, in 
mean solar time, may be foimd by this proportion, as 360<* 59< S'^S 

li. b. m. B. . 

: 360 : : S4 : 23 56 4.1, the length of a siderial day in mean solar 
time, or the interval between two successive transits of a star' over 
the same mericlian. 

From the above proportion results the following general rulej for 

ponverting siderial to mean time, and vice versa ; as 24 : 83 56 4.1: : 
any portion of siderial time, to its equivalent in mean time ; and as 

It hl I. . 

23 56 4.1 : 24 : : any portion of mean time to its equivalent in si- 
iderial time. For some neat Formulue in this way^ see KeUy*s 
Spherics^ page 208, Ed. 4^A. 

The equation of time, or the difference between mean and appa- 
rent time, as already mentioned, arises from two causes, namely the 
obliquity of the ecliptic, and the eccentricity of the earth^s orbit. 
The greatest part of the equation arises from the former of these 
causes, and is found, by converting the difference between the sun'^s 
lon^tude and his right ascension, as set down in the Nautical Al- 
manack, into time. That part which arises from the latter of these 
causes, is obtained by converting what is called the equation of the 
' centre into time. These two parts being added to, or subtracted 
from each other, according as they have like or unlike signs, fix>m 
the absolute equation. By the equation of the centre is meant the 
difference between the sun^s true and mean anomaly ; these never 
being the same but when he is in perigee or apogee. See this sub- 
ject more at large in Lalandes^ Astronomy^ or any of the works on 
physical or practical Astronomy. 

Mean and apparent time, or the time shown by an equal going clock, 
and a true sun-dial, are never the same, except on four days of the 
year, and these are the 15th April, the 15th June, the 1st Septem- 
ber, and the 24th December. From the 24th December to the 15th 
April, the dock will be before the sun ; from the 15th April to 15th 
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June, the fun will be before the dock ; firom the 16lh June to lit 
September, the clodc will again be before the ami ; and from the lat 
Sqitember to the 84ch December* the aim will again be before the 
ebd:, and ao <m in the aame order. See the following tables ; or the 
equation in the Nautical Almanack with the daily diflerencea, which are 
fiir noon at the Royal Observatory at Greenwich, llieae diflerencea 
are convenient when using the equation at any place dbtant from the 
meri£an of Greenwich. For example, the equatbn being wanted at 
Kingston, Jamaica, for the 6th December 1821, which at Greenwich, 
for the noon of that day, is 8 minutes, 48ii aeoonda, and the duly 
diftnenoe is 85.8 seconda ; Kingston ia five hours, 7 minutes, and 9 

leeonda, in time weat of Greenwidi : Then say aa 24 : 25.8 : : 5 7 

I i. 

2 : BJi^ which is subtractive from the equation, as it is <m the d^ 
crease; this 5.5 seconds, then subtracted from 8 minutes, 42.5 seconds, 
the equation at Greenwich, gives 8 minutes SJ seconds, the equation 
tt Kmgston, and the equated time for that day there, will be llhounu 
61 minutes, 23 seconds. From what has been done, the process ia 
obvious when the longitude is east A good deal of the foregoing 
on the equation of time, is from Carey's Elements of Astronomy, fcc. 
ind we shall take the same lil)crty with Mylne*s Elementary Trea- 
tise on Astronomy, by copying from it the two following excellent 
tables. 
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TABLES OP THE EQUATION OF TIME. 



l«tf Aiinngirom the OUiipiity of the Ecliptic. 


Dial Falter. 


Dial Slower. Dial Fatter. 


Dial tlonrer. 


m. *. 


U. 1. 


ID. 1. 


m. «. 


Mar. 21. 00 


JtHie21. 00 


Sept 2a 00 


Dec 21. 00 


25. 1 29 


26. 1 48 


2a 1 39 


26. 1 48 


30. 3 16 


July 1. 3 32 


Oct. 3. 3 15 


31. 3 32 


April 4. 4 46 


7. 5 08 


a 4 46 


Jan. 6. 5 08 


9. 6 09 


12. 6 35 


la 6 09 


10. 6 35 


14. 'r«3 


17. 7 48 


18. 7 22 


15. 7 48 


19. 8 9S 


22. 8 45 


23. 8 23 


20. 8 45 


24. 9 09 


28. 9 26 


28. 9 09 


25. 9 26 


30. 9 40 


Aug. 2. 9 49 


Not. 2. 9 40 


29. 9 49 


May 5. 9 53 


7. 9 53 


7. 9 63 


Feb. &9 53 


10. 9 49 


12. 9 40 


12. 9 49 


8. 9 40 


15. 9 26 


17. 9 09 


17. 9 26 


13. 9 09 


20. 8 45 


. 22. 8 45 


22. 8 45 


la 8 23 


26. 7 46 


2a 7 22 


27. 7 48 


28. 7 22 


31. 6 35 


Sept. 2. 6 09 


Dec. 2. 6 35 


28. 6 09 


June 5. 5 08 


7. 4 46 


7. 5 08 


Mar. 5. 4 46 


10. 3 32 


12. 3 15 


12. 3 32 


10. 3 15 


16. 1 48 


17. 1 39 


17. 1 « 


15. 1 39 








20. 00 




2d, Arising from the inequality of the Sun's Motion. 


Dial falter than Clock. 


Dial slower than Clock, 


m. 8. 


m* 8« 


m. 8. 


m. 1. 


July 1. 00 


Oct. 3. 7 43 


Dec. 31. 00 


Mar. 30. 7 43 


7. 40 


8. 7 42 


Jan. 6. 41 


April 4. 7 40 


12. 1 19 


13. 7 37 


10. 1 22 


9. 7 34 


17. 1 57 


18. 7 29 


16. 2 02 


14. 7 24 


22. 2 35 


23. 7 18 


20. 2 41 


19. 7 12 


28. 3 12 


28. 7 03 


25. 3 19 


24. 6 56 


Aug. 2. 3 47 


Nov. 2. 6 46 


29. 3 66 


30. 6 36 


7. 4 21 


7. 6 24 


Feb. 3. 4 30 


May 6. 6 14 


12. 4 52 


12. 6 39 


8. 5 02 


10. 5 60 


17. 5 22 


17. 5 32 


la 5 32 


15. 6 22 


22. 6 50 


22. 5 02 


la 5 39 


20. 4 52 


28. 6 14 


27. 4 30 


23. 6 24 


26. 4 21 


Sept. 2. 6 36 


Dec. 2. 3 66 


2a 6 45 


31. 3 47 


7. 6 56 


7. 3 19 


Mar. 6. 7 03 


June 5. 3 12 


12 7 12 


12. 2 41 


10. 7 18 


10. 2 35 


17. 7 24 


17. 2 02 


15. 7 29 


16. 1 57 


23. 7 34 


21. 1 22 


20. 7 37 


21. 1 19 


28. 7 40 


26. 41 


25. 7 42 


26. 40 
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By companng the two tables, it will appear that the diflerence be- 
tween the clock and the dial is produced sometimes by one of the 
causes above mentioned only, but more commonly by both ; that the 
effect of the one is often counterbalanced by the other ; and that the 
action of both causes is sometimes combined. For example, the 
equation of time from the first cause, vis. the obliquity of the ecliptic, 
is on the 21st March, minutes seconds ; but from the second 
etase, yix. the unequal motion of the sun, is 7 minutes 37 seconds. 
On the 5th May, the dial, by the first cause, is fittter than the dock 
9 minutes 53 seconds, and slower by the second cause, 6 minutes 14 
leconds ; therefore the diiTerence between them is the true equation, 
Tis. 3 minutes 39 seconds. On the 2d of November, the dial from 
the irst cause is 9 aoinutes 40 seconds fSister then the clock, and by 
the seeond cause, 6 minutes 45 seconds also faster ; consequently the 
nms, when added, will give the true equation, vis. 16 minutes 25 se- 
conds. By combining in this way the two parts of the equation, sub- 
tracting them when the dial is slower from the one cause, and faster 
from the other, and adding them when the dial is faster or slower from 
both causes, the true equation may be found for any day in the year, 
lad in the foregoing tables for every fifth day of the year. But in 
order to save the time of the practical artist, we shall subjoin an ex- 
tended equation table for every day in the year, calculated for the 
second year i^ter leap year. 

The following TaUes give the time that a well-regulated dock or 
watdi should be at, for e\ery day of the year, when the sun*s centre 
is on the meridian ; and in place of a common equation Table, these 
give what may be called Equated I'imc, and will serve for ordinary 
purposes, through the greater part of the nineteenth century. Those 
who take in the Nautical Almanack will have no need of them. 
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TABLE OF MEAN TIME AT TRUE NOON. 



D«y* 


MAY. 


JUNE. 


JULY. 


AUGUST. 


S. M. S. 


a. u. s. 


B. 


M. S. 


B. 


M. S. 


1 
8 

3 

4 
5 


11 56 57.7 
11 56 50.2 
11 56 432 
U 56d&7 
11 56 30.7 


11 57 19.9 
11 57 2a9 
11 57 38J 
11 57 4S.1 

11 57 58.2 









3 1&5 
3 88.2 
3 39.7 

3 50.9 

4 1.8 










5 58.7 
5 55.3 
15 51.3 
5 46.7 
5 41.5 


6 

7 

8 

9 

10 


11 56 25.4 
11 56 20.6 
11 56 16.5 
11 56 12.8 
11 56 0.7 


11 58 ao 

11 58 19.4 
11 58 30.5 
11 58 42.0 
11 58 536 









4 123 
4 225 
4 323 

4 41.7 
4 50.7 









5 36.7 

5 29.3 

6 22.3 
6 14.7 
5 6.4 


11 
18 
13 
14 
15 


11 56 7.2 
11 56 5.2 
11 56 39 
11 56 2.9 
11 56 2.8 


11 59 5.A 
11 59 17.5 
11 59 207 
11 59 420 
11 59 544 









4 59.2 

5 7.2 
5 14.8 
5 29.0 
5 2a6 









4 575 
4 48.1 
4 38.1 
4 27.5 
4 6.4 


16 
17 
18 
19 
90 


11 56 2.9 
11 56 38 
11 56 5.1 
11 56 7.0 
11 56 9.4 


7.0 
19.7 
32.4 
45.2 
58.0 









5 34.6 
5 40.1 
5 45.2 
5 40l8 
5 53.8 









4 4.8 
3 52.6 
3 39.9 
3 26.8 
3 131 


81 
29 
S3 
84 
8S 


11 56 12.4 
11 56 l&O 
11 56 20.0 
11 56 24.6 
11 56 29.8 


1 10.9 
1 23.8 
1 36.6 
1 49.4 
2 22 









6 57.3 

6 a2 

6 2.6 
6 45 
6 5.8 









2 69.0 
2 44.6 
2 29.5 
2 14.0 
1 58.2 


86 

27 
28 
29 
30 
31 


11 56 35.5 
11 56 41.7 
11 56 4a2 
11 56 55.5 
11 57 32 
11 57 11.3 


2 15.0 
2 27.7 
2 40.2 
2 52.5 
3 4.6 










6 6.5 
6 6.6 
6 6.2 
f 5.2 
6 36 
6 15 










1 420 
1 25.4 

I 8.6 
61.2 
83.4 
15.3 
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TABLE OF MEAN TIME AT TRUE NOON. 



Days. 


SKPTEMBER 


OCTOBER. 


NOVEMBEB. 


DECEMBER. 


£[• Aim Sm 


ff tMim tft 


B» 'JHF* »• 


Mm* 9n» 0* 


1 


11 A9 57.1 


11 49 47.4 


11 4ft 4511 


11 49 10.3 


2 


11 69 38.6 


11 49 28.S 


11 4S 441 


11 49 83.B 


8 


11 59 19>7 


11 49 9.9 


11 43 48>8 


11 46 56.7 


4 


11 59 0.5 


11 48 51.6 


11 48 443 


11 50 20.8 


>S 


11 68 41.0 


11 48 33.7 


11 43 45i6 


11 50 45.6 


6 


11 68 21.3 


11 48 16.0 


11 4^ 41^7 


li 51 10.6 


7 


11 68 1.4 


11 47 68.7 


11 43 50.6 


11 61 36.3 


6 


11 67 41.3 


11 47 41.9 


11 48 543 


11 hi 2.4 


9 


11 57 20.9 


11 47 25.5 


11 43 58.9 


11 62 29.1 


10 


11 67 as 


11 47 94 


11 44 4.4 


li 52 56.e 


11 


11 66 39l6 


11 46 53.8 


11 44 10.7 


11 to 23.6 


19 


11 56 18.8 


11 46 38.6 


11 44 17.8 


11 to 514 


18 


11 55 57.8 


11 46 23.9 


11 44 26.7 


11 54 19.6 


14 


11 55 36.8 


11 46 9.7 


11 44 345 


11 54 48.1 


15 


11 55 15.7 


11 45 56.3 


11 44 441 


11 55 17.0 


16 


11 54 54.5 


11 45 43.3 


11 44 546 


li 55 46.1 


17 


11 54 33.3 


11 45 30.7 


1145 6.0 


11 56 15.4 


18 


11 54 12.2 


11 45 18.8 


11 45 18.2 


11 to 44.9 


19 


11 53 51.1 


11 45 7.5 


11 45 31.3 


11 57 147 


20 


11 53 30.0 


11 44 56.9 


11 45 4&2 


11 57 44.7 


31 


11 53 9.0 


11 44 47.0 


11 '45 59.9 


11 to 14t 


28 


11 52 48.1 


11 44 37.7 


11 <46 15.5 


11 58 44B 


23 


11 52 27;3 


11 44 29.d 


11 46 31.9 


11 59 14.9 


34 


11 52 a7 


U 44 21.4 


11 46 49.1 


11 59 45.0 


26 


11 51 4&2 


11 44 14.3 


1147 7.1 


15.1 


26 


11 61 25.8 


11 44 7.8 


11 47 26.8 


45.9 


87 


11 61 6.6 


11 44 2.0 


11 47 45.3 


1 l&l 


26 


11 50 45.7 


11 43 57.0 


11 48 5.4 


1 448 


29 


11 60 26.0 


11 43 52.8 


11 48 263 


3 143 


30 


11 50 616 


11 43 4^4 


11 48 48.0 


3 4SLr 


|31 

I 




ri 43 46.8 




3 13.0 

1 
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A TABLE 



Of the JcceleraHon o/the^fiwd Start, for 32 Dayt. 



Duj*. 


H. 


M. 


8. 


Vty. 


H. 


M. 


8. 


1 





3 


55.9 


17 




6 


503 


2 





7 


51.8 


18 




10 


4&8 


3 





11 


47.7 
4a6 


19 




14 


48.1 


4 





15 


20 




18 


38.0 


6 





19 


89.5 


21 




28 


33.9 


6 





33 


35.4 


22 




86 


89.8 


7 





87 


31.3 


23 




30 


26.7 


8 





31 


87.2 


84 




84 


81.6 


9 





35 


23.1 


25 




38 


17.5 


10 





99 


19-0 


26 




42 


13.4 


11 





48 


14.9 


27 




46 


9.3 


18 





47 


10.8 


28 




50 


6.8 


13 





51 


6.7 


29 




54 


1.1 


14 





55 


2.6 


30 




57 


57.0 


15 





58 


58.5 


31 


2 


1 


53.9 


16 


1 


8 


54.4 


32 


2 


5 


48.8 



'Hie ttsn win accelerate 3 miiratet, 55.9 seconds, every 24 honn, 
■m a dod[ keejniig mean solar time ; if a clock is made to keep side- 
lial time, it win give the time marked in the Tables, according to 
%m number of days. The snn^s right ascension, as given in the Nau- 
tied Abnaoack, is the siderial time when the sun^s centre is on the 
^iW^Hian, For example, on the Slst of March, 1885, a clock keep- 
lig siderial time should be set hours, 2 minutes, 13.6 seconds, at the 
iBataMt of the sun'^s centre being on the meridBan. 
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324 80B8T1TUTE FOR A TEAN81T IKSTRUMXMT. 

Having mentioned to our ingenious firiend, Mr. Soott, that he 
might take time, (though not very nicely) by fixing in any window 
shutter having a south exposure^ a piece of brass with a small hole 
in ity to allow the sun^s rays to come in to a dark room against a plum- 
met line whose shadow would be seen on the opposite side of the 
room ; by perseverance, he brought it by degrees to a very great 
nicety. We have known him take a transit of the sun by it to 
half a second — ^that is to say, there was only half a second of differ- 
ence between the time taken by the sun^s semi-diameter, in passing 
from the first limb to the sun's centre, and firom the centre to the 
last limb. This must be allowed to be a great degree of precision. 
It is well known, that by any common meridian hne, or sun-dial, 
that time cannot be taken nearer than to 8 or 10 seconds, if even 
so near. We shall give in his own words how the appatatns for this 
purpose is constructed. 



Directions far /Ming up a Subatiiuiefar a 

** Having obtained, by some of the means usually resorted to, 
a correct meridian line ; for which purpose there should be 
fixed in a temporary yet steady manner, and perfectly level, a piece 
of very flat and even deal-boaid about three fieet long, in the window 
recess, and as near as may be in the line of that part of it where the 
instrument is intended to be erected : on this let the meridian line 
be careftdly laid down. 

** The next thing to provide is a piece of good sted-wiie, aboot S.5 
inches long and .86 of an inch in diameter ; one end of which should 
be finrged either into a square adapted to a key, or else into a flat 
plate, that it may be turned by the finger and thumb. A voy fine 
and equal screw is then to be fiarmed upon the wire, after wfaidiy let 
it be put into a lathe, and about .4 of an inch of its pcnnt (ot otbar 
end,) turned down into acylinder, about .2 of an inch diameter ; in the 
middle length of which let there be hollowed out a small groove about 
•02 of an inch in diameter, and about the same depth; this greeve 
should be very well cleaned out and polisbed, as on it the pfaonaMit 
after described is hung. 

*' The next thing to procure, is astout brass stud with asole^rither 
firmly rivetted on or cast in the solid; this stud should be at least 1.6 
inch high above the sole, and .75 of an inch in breadth and thickneii ; 
it is then to be drilled at an equal distance firom the top and aides, 
and carefully tapped so as accurately to fit the screw on the steel- 
wire : four holes for screw nails being now made in the sole, and the 
steel-wire screwed into the stud, the whole should be firmly fixed up 
in the suffit of the window, pretty near the sash« in sncii a manaar, 
that the steel-wire screw pay lie quite horisontally, and in a due east 
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•«kl west directaoo ; and wken equal pordoot of tbe screw are lem on 
eadi side of the stud, the pbDnmet shall, after being hong on the 
gvoove, be perfisctly oo-incident with the meridisn Hue drawn on the 
Doarci. 

*< The phunmet is thnsfiymied.--8electasBiany of the smallest and 
Uadest, yet stout horse hairs, as will be sii£Bcient fiilly to readi from 
die top to the sole of the window, and haying jmned these together, 
fcy what are termed fisher's knots, (whereby the small ends may be 
dotdy cut off, without the risk of any of die knots slipping,) fiirm 
ipon one end a loop, which ia to pass oTer the groore on the cy- 
lindrical part of the screw : on the other end a douUe or triple knot 
is to be cast : a short conical leaden plummet of two or three ounces 
wei^t is then to be bored down through its apaai, .85 of an inch 
deep, by means of a fine hedde tooth, or some other smsU point- 
ed instrument ; the knotted end of the hair is then to be inserted, and 
die orifice of the hole gently beat round, so as dosely to embrace the 
hair, taking care chat it shall not be chafed or injured, lest it should 
be unable to support the weight of the plummet ; this is perfaqis the 
n ea te st way of doing it, but it requires address and management. 

Another way, however, is to take a common pin, and after calling 
sff ica point, turn it up into a hook a little bent backwards, that dm 
entrs of the hook may be in a line with the straight shank, and i»« 
sating the head and part of the shank into the hole in the plummet, 
dese the lead round in the same manner aa directed for the hair, and 
hsi^ it by a loop similar to that made on the other end of the line. 
The plummet should be immersed in « small jar of water to promote 
ill steadiness. 

^ A piece of well-seasoned wood, about five indies broad, three inches 
ddck, and sufflciently long to readi firom the fioor to (within the 
Aickness of a board placed on iti top, for the double purpose of fix- 
tmu^ and prerentuig injury to) the ceiling, is now to be prepared ; 
sue edge and side of which should be planed quite straight and 
mmoCh^ fbr the purpose of facilitating its being placed perfectly per- 
pendicular: Take jdien three slips of hard wood, two of them about 
ive ftel long, so shaped, that when fixed to the post, they shall 
inn a hoUow dovetail groove ; to receive the third, which should 
be about 18 or 90 inches long, and at least one inch broad on the 
ipper or narrow surface, the lower surface and sides fitting 
ipiingktf^ into the groove fimned by the other two pieces, which 
am to be plumed on the north side of the upright post, or that next 
to the observer, dose to the straight planed edge, and reaching 
vidnn n Ibw inches of the floor. Thai this sliding piece nugr bmvo 

yS 
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emalyf aithougli t^tly Modi to the groore, it diould te wett Itthk 
li6d over irith Uadc kad : and it would not be ante thai it wave 
m$de fidlj Aicker dian the pteoes idiidli form Ae grooroi in oidar 
that its upper surface may be rather above the plane of the. olihit 
two. 

*^ The use of thirsliding piete, (to which the ai^ oreje^pieboii 
attadbed*) ia, by- beii^ pndied down its groove, tbeaunmajr be sedli 
through die eye piece, even at hid greatest north deelinalion ; itnora* 
over serves whenany of the knots on the hair plummet ahoold by af>> 
cideBt intervene between the observer's eye and the sun's disc, to 
faring a straight part of the haii opposite to the sun by aUding k ^ 
or down little moie £han a ^larter of an inch. 

*^ The eyepiece is formed as foUows :*---A circular plate of iMas* 
about two inches diameter, and .06 of an indi in thickness, tentunates 
on one side in a sort of pillar about one inch long, all neatly dieesed 
up and smoothed ; in the centre (^ the plate is drilled aamalllmle^ adt 
exceeding .016 or .018 ci an inch in diameter, and the kter Well 
cleaned away ; on that side o£ the plate destined to be fortheatfiroai 
the observer, the small hole b to be deeply and yni0tf.mmiim4tmki 
yet leavii^ a small part of the origiml bore quite entire ; two poetty 
tUck slips of brass, undercut so as to form a dovetidl, are then to be 
pinned or otherwise fixed on the counter-sunk side of the plate^ at 
right angles to th6 Kne of die pillar, and so far separate on eadb 
tide of the centre hole, as will be suffioient to admit a dovetail faraia 
frame, hereafter to be deacribed* At ihe other extremity of the pft* 
lar is formed a stout pivot, fitting into a sodwt; thepivothasagroo've 
turned upon it, in which the end of a screw passing through the 
sodcet moABj keeping it in its place, only admitting the eye-pieoe to 
turn on its axis, so as it may be made directly to fiu» the aun whal^ 
ever be his altitude. 

^* This sodcet constitutes a part of the remainder of the eye-pieee 
wherdby it is attached to the wooden dider; on the front or outside eC 
the socket is prolonged or ccmtinued a pretty stout brass pla^ either 
soldered on or castin the solid, and this carries a hoUow cylind^,whidi 
is made to turn, (and secured from coiobg off by a screw, nut> and 
washers,) on a strong pin or stud fixed by means of a sole to thedid^ 
ing wood ; this last part serves to turn up the eye^piece to be out of 
the way when not in use ; and when let down for the purpose of mak- 
ing Ml observation, th& bottom of the socket rests ta die edge of the 

■ 

upright post, and keeps the pillaritf the eye-pieee idwaya in a hoii* 
aontal podtion. 



^ WiA ngati i& Ae hnm tnme^ it ahonld be in length ibout the 
Aaneter of the dreulsr brees plate of the eye^plece, besides a pro- 
kagadon firmed to serre ae a handle to jnA it up and down in the 
groove ; its broader or under surfiice should be in widih about .6 of 
an inch, and, consecpently, the upper surfiice as much narrower aa 
Ae skipped rides of the two jrinned on doretailed pieces, wiD natur* 
aDjr reqmre it to be ; in this upper surface is firmed a hollow or re- 
cess, nemAj the length and bieadth of the frame, and of sufficient 
depA, hariBg only a narrow rim bebw to receive and support a slip 
•f the ftMst thin and equal crown glass of like sise, and abore it a 
spring-wire to keep it in its place, similar to die wires used fir the 
iforjr dips of microscopes, only a good deal stronger. 
** This sfip of glass is to be smoked by a lamp or candle, so that there 
than be a gradual dfaninution of shade firom one end to the other, 
eiNnmencing in the deepest, and ending in the slightest tinge ; by 
Aeae means, the sun may be viewed in all stages of his brilliancy, 
from Aat of Ms utmost splendour, to his being bardy visible through 
dun doods. And herein is a great advantage over using Claude Lor- 
rsine glasses, as b an instant all the intermediate shades between the 
fi|^itest and very deepest may be obtained. 

^ An diings being now p rep a red, the wooden post is to be set up at 
die distance of about 4 fiet nordi of the plummet, observing diat the 
smoothed side, bearing the dovetailed groove and eye-jnece, is to be 
idaced as before directed, and the straight edge brought just so near 
to the meridian line, that when the eye-jMece is folded down, it, the 
meridian line, and the hair plummet shall be exacdy in one plain. 

'' As to the mode of fixing the upright post, after being carefully 
let quite perpendicular and exactly in its proper place, the best way, 
is, by means of square-kneeM pieces at iron, screwed at top and bot- 
tom to the straight edge« the floor and ceiling, as well as on each 
nde dose to the straight edge, without otherwiae attempting to con- 
fine the rest or remainder of the sides, or even the remote edge, ex- 
cept by fillets nailed to the floor and cdling ; that, should any ding 
or eontracdon take place in the upright post, the straight edge shall 
at an times maintain its perfect perpendicularity and first position. 

" It may be necessary to observe, diat in order to verify the true 
meridian position of the plummet and eye-piece, it would be as wett to 
compare the result of several trials of it, with the time given by a 
good regulator or astronomical clodc, alldwing of course for the equa- 
tion, and after being perfectly satisfied of ita having been brought, by 
means of the adjusting screw %hich movei the plummet, predfldy IQ- 
todie propet fine, dien remove tb^ bdtid*o»wUdi the meridbtti waa 
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}iid down, ind endewroot to find tooie fined, awk or olgaety at the 
diitsiioe of SO or 40 yards, widi which the hole in the eje-piece end 
the hair OMBcide ; and this will, at all future timea, lerve aa a flaean 
oi readynating the instrument 

^* Widi such an apparatus as aboye described, after a very little 
practice^ the sun^s meridian passage may easily be taken to at least 
within 8 seconds; and if the observer has mudi tumfinr accuracy, it 
may generally be done within even less than one. It is not, howevisry 
80 well adapted for taking the meridian passage of the fixed stars ; 
finr besides the difficulty of throwing a sufficient lij^t upon the hair, 
to cauae it to be distinctly seen at night, the small hole in the eye- 
piece transmits so few rays fipom a star, even of the first mi^tudev 
that'it aeems to dwindle into the obscurity of one of the sixth or 
seventh. But for observations of the sun, the smaller the hole, and 
the greater the distance between it and the hair plummet, so much 
moocfraccuracy will be obtained in the observations. Nevertheless, 
should the hcde be found inconveniently small, it can easily be alittle 
widened by a small broach. 

^* Nate — In placing the smoked glau in the firame, the obacured 
side should be placed under, restbg on the narrow rim, so that when 
the fitune b put into the dovetail groove, there may be no risk of 
the coat of smoke being iigured or rubbed offi J« S. 



CHAPTER XVI. 

On Repeating Clocks and Watchee. 

To those who do not sleep well, nothing can be more convenieni 
and useful than a repeater, whether it is in a watch, or in a small fixed 
dock. A history of this invention is given by Mr. Derham, in hia 
Artificial Clockmakerm Berthoud, in his Histotre^ has given the 
following account of it, which is taken chiefly finom Derham : 

'* The art of measuring time,'^ says Berthoud, ** was again enriched 
with two fine and useful inventions, before the end of the sevent e enth 
century. One was the equation dock ; the other, which b the moat 
predous, and of the most general utility, b that kind of atriking 
which has been called repeating. It is of the most ingenious me- 
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I, mJif wboi added to a dodc, tenrct to sake known at jdaa- 
at every initant of the day or mght, withoot teeing tliedialy 
tlw hour, and parte of ike hour, which are pointed oat by the faanda 
oftheekidL. Both theee inyentions are due to the £ngilieh artieta.^ 

^ The do^ in qaeatkm hcce,** says Derham, ^ aie thoee which, 
by nieana of a cord, when pulled, strike the boors, the quarters, and 
emaonietheniinulesyatalltiniesof the day and of the night Thii 
itiiking, or repeating, was invented by a Mr. Barlow, towards the 
adof the xcign of King Charles II. in leTfi."* 

It is not mentioned by Derham whether Badow was a watdunaker 
srnot. We have heard it said by old watdunakers, that he was a 
dcqQFBUBi. This seems in some metsure confirmed, by his having 
^fUed $o Tompion.to make his repeating watdi, when he was about 
Is obtain a patent fbr.the inventioa. 

*' This ingenious inventioa,"* continues Berthoud, ** which had not 
besBi befine thouj^t o^ made at the outset a great noise, and modi 
engaged the attention of die London watchmakers. On the idea 
•kme wUdi eadi fixmed of it, they all set to work to try the same 
thii^, but by very different ways ; whence has arisen that great va- 
lie^ in the work of repeating motions, which wasseen at this time in 
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This disoovery continued to be practised in chamber clocks un- 
til the reign of James II. It was then aj^lied to pocket watchea. 
But there arose disputes conconing the author of the invmtion, of 
which I shall simply relate the facU to the reader, leavii^ him to 
judge of it as he thinks proper.'* 

Towards the end of the reign of James II.., Mr. Barlow applied h^M 
invention to pocket watches, and employed the celebrated Tompion 
to make a watch of this kind according to his ideas ; and, at that 
time, conjointly with the Lord AUebome, Chief Justice, and some 
ethers, he endeavoured to obtain a patent finr it. 

Mr. Quare, an eminent watchmaker in London, had entertained 
the same notion some years before, but not having brou^t it to per- 
frction, he thoughtno more of it until the noise ezdted by Mr. Bar> 
low's patent awakenedin him his former ideas. He set to work, and 
finished his mechanism. The fame of it spread abroad among tha 
watchmakers, who sohcitJed him to cfpoae Barlow^s privil^e to ob- 
tain a patent. They addressed themsdves to the court ; and a watdi 
of the invention of each was brought before the King and his coun- 
ciL The King^ after having made trial of them, gave the preforenot 
to that of Mr. Quare. 

- • ' . ... ■ 1 . 
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. The diffesenee beliweai dieae Jtwo mveiitions it lliit^--(*TlieT€p8litiiQii 
in Mr. Barlow^e wslch wiu effisded by puBhing in two nnall peoBB» 
one on eack side of the watch-caae, one of whidi repeated the hosr, 
the other the quarters. Quare^s watdi repeated by means of one pin 
only, fixed in the pendant ^ the case, which, being poshed in, made 
the repetition of the hours and quarters^ the same as is donent 
present, by pushing in once only the pendani^ wtidk candea this 
pin. 

This invention of repeating the hours in small fixed dodn and in 
watches, was soon known jmd imitated in France ; and these ma- 
dunes weee very cinnmon in 17^ ^hen the oelebnted Julien Le 
Bey, was much ooeiipied in thor improvement. It was at this pt* 
nod that he made the repeatmg dock, ofwhich adescriptieniagiT-i 
en at the end of The Artificial Rule of Time. This was made fior 
the bedpdunnber oF Loiis the Fifteenth of France. 
. The first repeaters, even those of Quare, as wdLaa odlsn, gavd 
the number of the hour according to the length pushed in of the 
pendant, whidi was very inconvenient, by striking improper iiottis^ 
when the pendant was not pushed home to the snail. This frequently 
caused mistakes in r^ard to the true hour, which ou|^t to have been 
given. We have heard our predecessor, Mr. James Cowin of 
Edinburgh, who went to Paris in l^Sif for improvement in his 
pio&ssion, and who eweouted some pieces under JuJ&en Le Mojf^ 
say, that Le Roy introduced the medumism into the repeater, which 
prevented the watch firam striking any thing but the true hour. Thia^ 
we think, was done to the repeating dock fi>r Louis the Fifteemh'a 
bed-chamber. In this construction, it struck none, unless the coid or 
pendant made the rack go fully home to the snail, when it struck 
the true hour, which was a very considerable improvement* The 
piece employed for this purpose is called the all or nothing piece. 
G)nsideriDg the great talents which Julien Le Boy possessed, we 
have no reason to doubt of this improvement being his. 

*' Although the repeHtumj^ says Berthoud, '^ sudi as is now in 
practice, is a particular kind of sdiking, its mechanism difien tolaDtjr 
fi»m that of the striking dock. Isty Because every time that it ia 
made to repeat, the main repeating spring is wound up, whereas in 
the common striking part, the main^i^xring is wound up only onee hi 
eight days, fifteen days, or a month. 2d, In &e repetition we nnist 
si d )atit u te for the count-wheel, which determines the number of blowa^ 
that the hammer must strike, a contrivance wholly difierent. The 
first author of this ingenious mechanism, substituted for the ooimt- 
whed, a pJece^ to which, in regard to its form, he gave the naase of 
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fkmmmIL The nidi is Aplnnpieee^diTidtd into tvrahepvtiywkirii 
b fiynned of steps, amL they come gndualfy ni ftom die 'J'^w a fr - 
HMO towftrde the eeatre. It mikes a veTdindon in twehe hours. 
Emk of die steps is ftrmed bf a portion of a etrda* Every doM 
dM the dedc is made to repeal die hour, the palley whidi caniee 
the card is eonneeted with and tunm a pinioiv whidi leads a ra^ 
eheee sorm fidls on ene or odier ef the stepa ef the snail, on Me ooni 
hdrng pali0dj and regulates the mimbet of Uows whidi the K— i«»i^ 
00^ to give; as die snail adfvioes only one step in an bonrt 
itMhms, that if it is wanfcei tobe made to repeat at every inslanl 
in the hoar, we shall kmrt dways the same number of blows of the 
ksannerv whtt'si^ hr setting off the eiied work of an ordinary skrik«« 
ing moremsMl more than once in the hour, we should have a diflhr* 
flit hmsi^ A oaimt«whed would then not be fit fiir a repetition, 
nemedianism of the repetition hasasecond snail, which bearsfiMV 
sispa abo in portions of a drde, to regulate the blows whidi the 
fssner hammers must give. 

The count and hoop wheels, and loddng plate of the old striking 
deehs, ibr regulatii^ the nimiber of Uows of die hammer, and lock- 
ing the wheel-work, was excellendy contrived. It had only one in* 
csnvenience, for when set off by accident, it would premalordy strike 
the hour to come : this made it requisite to strike eleven hours before 
it eeold be brought again to the hour wanted. Had it not been for 
the iuTention of the repeater, these would have continued, and would 
have been still made in the modem docks, the same as in the andent 
«es. But the snail of the repeater showed that it could be adapted 
br regnUtiiig the number of blows for the hammer of a commoa 
Uriking dock, and has prevented the inconvenience of striking over 
a number of hours before the dock could be set to the right hour 



^ We owe to JuUen Le Roy,** continues Berthoiid, ^ the sup- 
pressing of the bell ip repeatii^ watdies, a change which has made 
dMse machines more simple, by rendering the movement larger^ 
mere aolid, and less exposed to dust. These watches, which he call- 
ed raiied brass edges^ are of a more handsome fonn. From die 
time of this celebrated artist, all the Frendi repeaters have bestt 
made according to this modd ; but in England, where repeating 
watdies were invented, they make them for the most part widi a 
hd ; and in Spain, this construction is still more p r efe rre d . In re* 
peating watches without a bdl, the hammers strike on bran pieeea» 
cidnr aoldered or screwed to the case. Repeating waldiea widi a 
hA,htmsim^asweUmsiko9BwUh0uimm^ ths piopeetgr if Mhff 
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omby that if to say, repeatiiig at pleasure, withoat the .haBiDcn 
leing allowed to strike on the bell or brass pieces.'' 

This-eflect is produced after &e pendant is poshed in, by patdng 
the point of the fore finger on a small spring button that comes 
though the case. Bebg a little pressed in, it opposes a piece against 
the hammers, which prevents them from striking rither a bell or the 
brass pieces inside of the case ; by which means the blows for hours 
and quarters are felt, though they cannot now be easily heard. These 
kind of repeaters are found very convenient for those who are. deaf, 
as during the dark of night they can feel the hour at a time when 
they cannot aee it. These sourdine or dumb parts have been left 
off of late years ; yet they are not without their advantages, as have 
been now shown. 

The late Julien Le Roy had tried to render repeating watdmmore 
simple by suppressing the wheeUwork which serves to regulate the 
intervals between the blows of tlie hammers, and also the main repeat- 
ing spring. This celebrated artist succeeded in constructing new 
repeating movements, of which several have been made on this plan. 
But it appears that the public have not found them very conveni- 
ent, so that this mode of construcdng them has not been imitated. 
-■ The only one of this kind which we have seen of Julien Le 
Roy's, was a very good one, in the possession of John Ruthcrfturd, 
Esq. of Edgerston. Although they have not been copied, they cer- 
tainly deserve to be so. 

Repeaters have, of late, been made with springs in place of 
bells, (a very ingenious substitute, it must be allowed,) of Swiss 
invention, though they are as superfluous as bells. Considerahle 
trouble is necessary in making and placing them. They ouf^t ne* 
ver to be recommended, if it could be avoided ; but we are often o- 
bliged to yield to the fashion of the day, even when it does not ooin- 
cide with our own opinion. When three or more hammers are used 
to give the quarters, we then would admit springs in place of bella, 
as, when they are well tuned, they give a most beautiful chime for 
the quarters. Were bells introduced for this purpose, they would give 
a clumsy appearance to the watch. Julien Le Roy saw good rea- 
sons for setting aside the bell ; and no plan of a repeater will ever 
be superior or equal to that of his, which Graham frequently adopted 
in many of his watdies, though his repeating motbns were difierent ; 
Julien Le Roy's having what is called the plain, and Graham's tb 
eiogden motion, a most ingenious contrivance, requiring great ju^f 
ment in planning, and nice execution in making it This motion 
well adapted for half quarters, lliough we have hardly see^ 
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French repetter with it, yet it b not imknown to the foreign artitts, 
as appears from Thiont't Work. Tern. II. p. 9Bt, Plate XXXVI. 
fig. 3. Pari$^ 1741 • This repeating motion must have got its nane 
ftom the inventor. Upon inqmring after him when in London, in 
the year 1770, we learned, with much regret, that he had died a few 
months before, in a charity work-house, at a very advanced age. 
The name appears to be German ; but whether he was a foreigner or 
Englishman, we have not been able to learn. 

We shall now lay before our readers a com|dete description of the 
repeating movement and motion-work of docks and watdies, which 
we have taken prindpaUy from Berthoud*s Eseai sur VHorlo- 

g9fW» 

Clodu diat have a striking part, strike of themselves the hours, 
and some strike the hours and half hours ; those having a repeating 
part, tirike the h&ur$ the same ae other etoeke, but the repeating 
p&riaete oniy on a eordeonneeted vrith that partieutar portion of 
^ work being puUed. In repeadngwatdies, when the pendant or 
pusher is forced home, one hammer strikes the hour, which the hands 
point to on the dial, and the quarters are struck by the blows of two 
hanmers. We shall see by the description of a repeating dock, how 
dds is produced; but befbre doing so, we shall give a general idea 
of dns ingenious medianism, which is neariy the same fior a dock 
asfbr a waldt 

In order to make a dodc repeat the hour, (see Plate XII. No. 64.) 
die cord X is drawn, which is wound round the pulley P, fixed on 
die arbor of the first whed of a pardcular whed-woric, the ade ob- 
ject of which is to regulate die faitcrvals between each Uow of the 
hamnwr. The aribor of this whed has on it a hook, which takeshoU 
of die inner end of the repeating maiii-spring, contained in the baib. 
id R, No. 63. On this arbor is also a plain whed O, having 15 
pins in it, which serve to raise die hammers, twdve of them finr die 
hoars, and tlMe fer the quarters. The number of blows that the 
hour hammer strikes, depends on die greater or less course which the 
pin-wheel 6 is made to take when pulling the cord ; and this coune 
depends itself on die hour pointed at, by the hands on die did. Thus, 
if die cord is drawn when it is twdve hours and three quarters, the 
pin-whed is obliged to make an entire revolution ; at this instant the 
repeatii^ spring brings it back, in whidi course it makes die ham- 
mer ^ve twdve blows for the hours, and dien three fer the quartsrsi, 
To distinguish the quarters from the hours, a second hammer is add* 
ed| wlodi widi the first, makes a donblablow at eadi quarter. 
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It muii now be dunm bj wlwt metiis the ctane which the pin- 
wled takes, is regulated cm the cord being polled, and how it is pro- 
pofftiflned to the hour which the hands point to on the dial. 

A whed S, or nimite wheel of the dial work. No. 66» has itsarbor 
prolonged and outside of the back of the pillar plate. Jn tiM-catej 
mud in wmmonj the repeating work is put between the dial and 
fore plaie oftheframeJ* It carries the piece e A, No. 64, the pin 
of which C, turns the star wheel £, which takes twdve hoifrs to go 
once roimd, and carries with it a piece L, called the hour snaily diyid- 
led into twelve parts, tending to the centre of the star wheel Each 
of diase parts firams different depths, like as many steps, which gra- 
dually come nearer the centre, and which serve to regulate tho ttum- 
.ber qF the hours which the hammer must strike. For this pozpose, 
4e pulley P canies n pinion a, whi^h pitches in with a postion dT a 
wheelC,No.04s called the rack* When the coed is puQad* and the 
zaciE is in conseqdenoe made to advance towafds the snail, die ami 6 
irtops on audi a st^ of the snail as it may meet with in its eonrae ; 
andyaeoordingto the depth of this step, the hammer strikes ia greater 
vOT'Iess number of blows. It will strike only one hour if the artn b 
^ihe nek is stopped on ihe step 1, the most distant one fiesa the 
^centre, as then the pin wheel getting only one of its ^ns et^pigeif 
ihe hammer atrikes only one blow. If, (m the contrary, the step IS, 
which is the deepest and nearest the centre, is met by the arm b in 
{ilseourse,whidicannotget there until the pin whed shall have made 
.one turn, then the spring in the barrel bringing it back, will came 
-dm hamrnw to give twelve blows. 

It remains to be seen how the quarters am repeated. The pieoe 
jf^No. 64, whidi turns the star whed, and takes <me hoior to make • 
levKdurion, is carried by another snail A, called the quartet enail^ 
firmed by four divisions, making three paths or steps, on one of 
wrhidi, when the ooid is puUed, the arm Q of a piece'Q D, called the 
finger, places itself, and according as the step is nearer or fiurther fiom 
the centre of the snail, die end D of the finger finds itself ameer 
leas aside fton the centre a of the pulley P, so that when the poll 
jefdie cord is fimshed, and the pulley returns by the fioiM of the 
epring in the baxxel, one of its four piiu acts on this fisiger, namdj, 
•the one whidi it finds at a distance firom die centre a, wksdianswrni 
to diedevatakm of dieerm D, and this is what determiies the Uowa 
far die qusKten : Thus, wjien thefii^;eris qipUedon d^jmiiessM^ 

« Tl^VHtflftliefepflMii««m4K, with tbe dial wlMelB,Coan4er«li«g«qa^ 
olthamodonwork. 
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dM oiiilte of ihe puUey, the hour bamiMr atrikct only tlie noadier 
of bom thftt the gnsil L, and the ann 6 of the tack have dtttnnin- 
ecL If the finger it placed on the aeoond (^ it doea not atop the 
pollej till after the hour hanuner haa atruck the hoor^ then a quar- 
ter, and ao on fior the three qnartera. HaTing thua given an idea of 
the nairntial parte of a repeater, let ua now proceed to n paitacalar 
deicnptien of n repeating elodc with an anehor ^acapement. 

fUt$ %Ih Nm. 68, 64, «nd 65, xepreaent all the parte of n re- 
yeating dock aeen in ^lan« No. 68 repreaend the wheela and pieoea 
eoBtained within the frame, or what are put between the two platea, 
with the exception of the anehor A, which ia placed in tliia way, to 
ihow the *aoapeinenu 

The wbeeli B, C, D, £, F, aie thoae of the movenienl. B ia the 
bMiel which contaana the dock nudn-apring. The great wheel ia fix- 
el to the bottoaft of the barrel B, and pitchea into the pinion of tho 
wheri C, whidiia the great intannediate wheel, D ia the thiidor tho 
entte or minute wfaed. (htr warkmem give lAe iMmie of mimila- 
wkeel to what Berthmid gives the nmme ef the reimmmg'-%ehml^ 
m$4 Pfhai he omUe ihe mmtUe-wheelf obliges us io make ii ihe om- 
tf(ff or ihitd wheei^ m oonformUy io his kamguoge* £, the fimrth 
lAealy or that where the contrate wheel waa naually pliaced. F tho 
michet or ^acapement wheel. The centre wheel D makea a »- 
vobnion in an hour. The pinion on which this wheel ia fixed, 
baa ila pivot prohmg e d, which paaaea throu|^ the fine plale Na 
6s. Thia arbor or pivot entera qpnng tight into the cannoa of 
the mimito-pipe wheel m, aeen In per^Mctive figure 8, which 
makea alio by thia meana a turn in an hour. Thia cannon etf- 
tjea the minute-hand ; and ita wheel m pitchea into the return- 
iqg or minulo*wheel S, of the aame number of teeth, and of the 
aaam diameter aa the wheel Mb The pinion of the whed S makea 
twelve revohitionB in the time that the hooi^wheel C makea one. The 
whael C, which ia one of the dial wheeb, takaa then twelve hoora to 
amkoone rovohition, and ia that which cmika the hour hand. 

It nniat be observed, withr^ard to these three wheela, C, m, 8, 
wbidk are called the dial wheels, that they are alwiqra the aanm, whe- 
ther the dock is a striking one or a repeating one: their effect caua- 
ing the hour or dial whed C to make a revohition in the apace 
of t«eh« hours. The wheels G, L, M, N, No. 64, and the % V* 
ftnn the wheeUroilc of the repeatii^ part The objectof this Hrheek 
w:erk, aa haa already been mentioned, is to regulaite the interval be* 
tween eadi blow of the hamaMr. The rntdiet A, and die pin whed 
G, ans bud on the aame aibor in cimmon with Ihe whed I^ within • 
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whoee centre it fiedy turns. The spring R and the dick Cj ne 
pliced cm the whad L. 

When the cord X^ irhich is woimd rooad the pnllejr P» No. 64,- ir 
polled, the ratchet R, No. 63,'fized on the same nrboras the polleyy 
letvogrades, or goes baekward, and the indfawd pianes of the teeth 
xsise the end of the dick at O. Thou the repeatmg spring bringv 
back the ratdiet, whose teeth batter stop against th0 end of the dick, 
which carries about the whed L, and the wheel work M, N, V i but 
while the ralehet R thua carries the whed L/ and while the piir 
whed G, and the piilley P, which are fixed on the same aibiyr, 
tum^dso, the pins of the whed G act on pieoss n^ n. No. 63, whose 
aitMNn prolonged carry the hammers /, m, No. 63, Eadi pieeenis n, 
ia piessed by a quring to bring fbrward the hammers, after the pins 
had made them rise up or go backward. The qnring r is only seen, 
which acts on the piece m ; that which acts on the piece ii is placed 
mder the plate which camea the motbn work. No. ^64. The piece 
oaenres tocomnraBioatethemotionof thatof mtothe arbor-ori^eoe- 
fiS whidi carries the hour hammer. 

- The piece, (bascule^) or see-saw m Xy No 68, is moresUe on the* 
arbor whidi carries the quarter hammer« On thb arbor below m kr, 
an arm like that of fi» mores, on which act the three pns phMsed on' 
the under ride of the whed G. These three pins serfe to raise Ao- 
quarter hammer fixed on the arbor which carries the piece m. It ia 
this hamiper which the sprmg r presses. When the cord is puUedt 
the wheel G is made to go backward, the pins of which come to ael 
on the back part ofthe aim m, whidi yidds and comes from m\0 9. 
The small arm which ia bdow fin* thequarters, makes the same m^' 
tion; and when the repeating qiringtNiags back the whed G, • 
sasall spring, which acts on theae pieces at, obliges them* to gat en- 
gaged between the spacesofthe pins, and to present the right jdsDea-' 
on which these pins aet to raise the hammers. . ""v 

> ThepuBey P, No. 64^ carries the pinion a, whidi pitdies into Ae- 
rack h C, the efiect of which is, as has been said, to make the poina 
h go upon the steps of the snail L, and determine the number of Uosra 
which the hour hammer must give^ 

The star whed £, and the snail L,are fixed together by two acicwa. 
This star moves onasorew stud V, No. 64, attached to thepiece T R^ 
moveable itsdf in T. This piece firams, with the plate, a sniall'fiame» 
in which the star Band snail Ltum. Ctee of the radii olr teeth iof 
the star bears on the jumper Y, which is pressed- by-the qlaillgg^ - 
When the pin C of- the quarter snail tuina the star' wheels tlw joaqp- J 
cr Y moveaou^ reoeding firsm V, the cenlre of Ae atari until thn^ 
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tooth of tlie star arriTes at the angle of the jumper^ whidi happana 
vhoi it has laade half of the way which it ought to do. HaviBg es- 
mpei this angle, the inclined jdane of the jomper poshes it behind, 
and makes it predintatelj finish the other half; so that from the 
diaigingof one hoar to another, that of the star and of the snail is 
done in an instant, which is when the minute-hand points to the 60th 
aunuteon the dial 

The jumper finishing thus in turning the star wheel, each tooth 
phoed in e comes on the bade of the pin c, and makes the sttrprise 
«, Id which it is fixed advance. The surprise is a thin plate, adjust- 
si OB the quarter snaO ; it turns with it by means of the pin whidi 
femes through an opening made in the surprise : the advance which 
the star-whed teeth causes the surprise to make, senres to prevent tho 
Sim Qofthe finger from fidling into the step 8, which would make the 
three quarters repeated when at the 60th minute. As soon as tho 
Mar dianges the hour, it then obliges the surprise to advance to receive 
dieann Q; sothat if the cord is pulled at this instant, the hammer 
viU strike the precise hour. 

The arm Q and the finger are moveable on the same centre 
When we have drawn the cord, and when the pins of the pulley have 
fieed or left the finger at liberty, then the sping p makes the arm 
Q fidl on the quarter snail, and the finger D presents itself to one or 
ether of the pins in the pulley. These two pieces can turn one on 
the other, and be moved sepuratdy. This serves in the case where 
the arm Q going to fidl on the step k of the quarter snail, and the 
finger D being engaged in the pins of the puDey, this arm bends and 
yidds to the pins of the pulley, which at this instant cause it to re- 
trograde, or go backward ; it is necessary that the pin for the present 
in hold can make the finger move separately firom die {nece Q. The 
spring B brings back the finger D as soon as the pin has retrograd- 
ed, so that it may present itself to the pin which stops for the hour 
aloBe, or for the quarter, if the arm falls on the step 1, &c. 

Having pointed out the most essential parts of the repetition, there 
remains only one of which an idea must be given, and which we shall en- 
deavour to make the reader understand. This is the aflarnaihingf 
which has this property, that if the cord is not fully drawn, so as to 
make die arm b of the rack C press on the snail L, the hammer will 
not strike, so that by this ingenious mechanism the piece will repeat 
the exact hour ; if otherwise, it wiU not repeat at all. 
' We have seen, that when the cord X is pulled, the pin-wheel Q 
oteraelB Ae (nece m and makes it comd le m ; aiid^ that befine the 
haounor em strike, a small spring must bring beck the piece m le 



pul in hol4i$^ wtfi the pini ; gftar that, it \$ emfy H t^ tluH ii; 
in place qf allairiig^ tbe pifCQ m to take il^ ffituation^ it were writ 
stUl mere te be-eyereet, Uie lepeatiBg tpanng bru^piig back Ike puH 
wheel, the henuaer would not strike while this fi^ce xeoiMttied o^er« 
set : this b pvemely the effect that the piece TR (No, 64.) piwdii- 

pes, which is «B tb4it aocoimt called tbft otf er tio^A^ pi^^o* Thb 
is effected in the following manner : the piece m (No* fSh) eaniaa a 

imi, which goes tibvoiigh the [date by the opening o; if wo p«U the cord, 

the pin-whoel eauaeis (^ piece m to move, aa we ha?e just now d0^ 

a^dihad* The j^ which it eeffsie9Com^tQ|V«l8 i^nat thoov^ 

4ieaU(urnotbiQg]^Qpe»and9ei9i( asid^sothat.ljbepiiiehallairilFoal 

the tttrem^s wkM) is a little ii|Qlhi#d;. bitf the ^qpiupg dl^ tendisig la 

bving hack the arai e» the inclined jfhm oUigea the p iA Mi dmoribQ 

stiil a imaiX epaoe wbidi takes the arBa m (Ko« 63.) entiii^ tat e£ 

the reach of the pins, m that the hamaor ea^uiots stnka m^oia tbo 

pin is disengaged from the eoA of the acio o. To afoot thilb tfai 

arm of 1^ Wik must coma and px^ss on th^ inail J^ whifh^ mpiw^ 

on a stud V, fixed to the all or nothing piece TR. NoWy.in jacmt^ 

ing the snail, the arm o of the fia is set aside, which* gMing flee, 

givai liberty to the ana «• to present itself to the pins €i the whael 

Q^ and to the hammers, thatof striking the hours and quarteva givsa 

by the dial work and hands* 

The ratchet R (No. 63.) is diat of the dick and ratchet work eC 

the movament^ o is the dickt t the spring* The ratchet B is put on 

a ^uara Qf the banrd arbor; this square being prolonged, servaa to 

wind up tfio spring by tt^eans of a key ; fi is the hansel in whidi tha 

spring or motive force for the repetition must be put; V ia. a aoiew 

aelled the eqcentric^ pivot-carrying piece ; on the part ^lihickaBteia 

with (oxce into the plat^ a little opt from the centre of the arbor oC 

thaacrewi a hole is made for the piTot of the anchor A^ Jfn making 

this screw torn, tjie pivot ci the arbor of the anchor is n^da to fa 

farther or nearer the centra, and oonsaqnently the anchoc itedi^ aa 

that the points of the pallet take Bu»e of Im iot aooordiDig Oi it is 

required with the teeth of tha 'sc^qpe^iept whael A^. QAa* 6A»} ia 

the cock of the sospematf, it c^ipieathe silk tJoaador q^ring^ to whidi 

the pendulum is suspended- One of tha anclaof tha sjlk thread ia 

attached to the arbor c> whiph i^ called, oa^ca cr r§tw^,(ffmtim 

9lom \) the other ead of this arbor gpaa thioagh to thodialf and ia 

squared to receive a oaall li^y. Sy, this meaais wa can turn 

the arbors to any side, so a^ U^lengtheii ei^.shorten the lilk tlmad, 

wkMi aervef af^ syq^iaid the pandfduiiit whiofM langth is ichaogiAiVv 

ihisiniithad 

z2 
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The andior A, (No. 63.) is fixed on an arbor sioiiUr to that for a 
seeoods penduhin. This arbor carries the ibrk T, which gives rao- 
Am to the penduhiro. The pivot which this arbor carries at the 
end where the fork is, enters into a hole made in the cock A. 

1 npiasints in perspeotive the wheel D, whose revolndon is 
psifiAUNid in an hour ; it is the arbor of it that carries the wheel m. 
(No. 80.) This wheel m is seen in perspectiye in 3, whose 
GHMM serves to carry the minote-hand ; 3 represents in per- 
ipective the wheel S of (No. 66.) It is the arbor of this wheel pro- 
IsBgad, which passing to the motion work, carries the quarter snail 
h (No. 64.) The pinion of this wheel H, pitches into the hour-wheel 
sesB Mi p e rspc e ll ' v e 4 ; and it is on the socket of this wheel that 
the hear hand is adjusted or fixed. 

It wiD be seen flran the proceeding description, that the pieces of 
die tffl p e att ng motion work are here placed on the back of the pillar 
^flto. Fladng them on the fore plate will make no difference. 

We shall now proceed to describe a repeating watch, with a hori- 
MHal or cyliodrical 'scapement of (rraham^s. 

What has been said concerning the repetitions in pendulum clocks 
and the simple or plain watch, being once well understood, the reader 
«9I have no £fllculty in comprehending the mechanism of a repeat- 
mg vateh, which is enlj on a small scale what the clock is on a great 
scale. 

No. 66. tf Plate XIII. represents the wheel- work of the move- 
Msfll aarf of the repetkion, and all the pieces which are put within 
dw frame plates. There is a distinction here between the wheels, — 
ef tfie movement, or which serve to measure the time, as the 
B, C, D, E, F, and those of the repetition, which serve to 
vegciale the imervd between the blows of the hammer ; such are the 
wheels &j bj e, d, e, /, whose assemblage is called the little whed- 
niOTky or runners. 

The spring of the movement is contained in the barrel A ; B is 
the great or flisee wheel, C the centre or second wheel, whose 
arbor prolonged carries the canon pinion, on which the minute-hand 
b Utted and adjusted ; D is the third wheel ; E the (burth wheel ; 
«m1 P ihe cjliader *scapement, or bdance wheel. The fusee I is 
a^usted on the great wheel B, a spring-tight collet and pin keeping 
wheel to its place on the fusee ; the chain is wound round on the 
and hdds likewise of the barrel. The hook O of the flisee 
to step the hand, on the watch being fuH wound up, by the 
ho6k stopping against the end of the guard de gut stop, (the name 
U goi before the chain woe put to thefuwe ; the modem mmw of it 

z2 
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M the fu9ee etapy) c, (No. 67-) attached to the other plate : ita effect 
is the same as in the pUun watch. No. 66 represents the cylinder 
'scapement, of whidi a description has already been given in page 
227. 

B is the balance &xed on the cylinder ; F is the cylinder wheel, 
which is represented as tending to act on the cylinder, and cause 
vibrations to be made by the balance. None of the pieces are drawn 
here, such as the cock, slide- curb, and pendulum, or spiral spring, 
as they would have rather made the ^scapement part obscure. The 
wheel work or runners of the repetition, is composed of five wheda 
a, 6, c, dj Cf and the fly-pinion /, and of four other pinions. Tbe 
effect of this wheel work is to regulate the interval between each 
blow of the hammer : so that if the first wheel a is made to havp 4S 
teeth, the second b 36, &e third e 33, the fourth d 30, and the fifth 
e 25 ; and moreover, if all the pinions into which these whedspitdi 
have six leaves or teeth, then in the time that the first wheel a 
makes a turn, the pinion /will make 4812^ revolutioiis ; but .the 
ratchet R, which the first wheel a carries, is commonly divided ialo 
24 parts, the half of which are afterwards taken away, in order that 
there may remain only 12 to strike 12 blows fi>r the 18 hours. If 
then we divide 4812 by 24, we shall have the number of tanu And 
the fifth pinion makes for each blow of the hammer, which gives 
2OO4 turns of the pinion/for one tooth of the ratchet R. 

The first wheel a, or great wheel of the striking part, oamea 
a click and a spring, on which acts a small ratdiet,. put under 
the ratchet wheel B, which forms dick and ratchet work, like 
what has been seen in the first wheel of repetition, which haa 
the same use ; that is to say, when we push the pendant or puahert 
&e ratchet R retrogrades, without the wheel a turning ; and the 
spring which is in the barrel B, (No. 67,) bringing back the ratdiet 
R, on whose arbor g^ the inner end of the spring is hooked,; the 
small ratchet comes butt against the dick, and turns the whed a; 
and the ratchet R makes the hammer M to strike, whose aim m ia 
engaged with the teeth of this ratchet. 

The spring r attached to the plate (No. 67,) acts on the small part 
n of the arm m, (No. 66.) The effect of this spring is to press the 
arm m against the teeth of the ratchet, so that when we make the 
watch to repeat, the ratchet R retrogrades, and the qpring r brings 
always back the arm m, in order that the teeth of the ratchet mxj 
make the hanuner to strike. Let us now pass on to the descriptum 
of the motion work. 
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No. 08 rqxrcaqi U that part of a repeater which in called the dial 
or moCioii work. It b seen in the instant where the button or pen- 
dnt ia juat pushed home to make it repeat. In first taking off the 
hands, and then the screw which fixes the dial of repeating watches, 
we will aee the same mechanism that this figure represents. This is 
&e kind of repeating motion work most generally adopted ; it is so- 
lid and af easy execution. P is the ring or bow to which the pen- 
dant ahaak or posher is attached, and this enters into the socket O 
of the watck-case, and mores within its whole length in tending to- 
waada the centre. It carries the piece p, which is of steeK and fixed 
in tke pendant shank, both composing the pusher ; the under side is 
flbd flat A plate of steel, fixed to die case inside, prevents it from 
toning roimd, and permits it to move lengthwise only. The end 
part of the alael in the pusher is formed so that it cannot come 
ona of the caae aocket, this being also prevented by the small steel 



The end of the piece p acts on the heel t of the rack C C, whose 
of motion is at y, and at whose extremity r, is fixed one end 
of die chain S S. The other end keeps hold of the circumference of a 
IRiDej A, pnt by a square on the prolonged arbor of the first wheel 
of the runners. This chain passes over a second pulley B. 

If then we push the pusher P, the end c of the rack will describe 
a certain apace, and, by means of the chain 8 # , will cause the pul- 
leys A B to turn. The ratchet R, (No. 66.) will also retrograde, un- 
tQ the arm 6 of the rack comes upon the snail L ; then the main 
spring of the repetition bringing back the ratchet, and the pieces 
whidi it carries, the arm m will present itself to the teAh of the 
ratchet, and the hammer M will strike the hours, the number of 
wliidi depends on the step of the snail, which is presented to the arm 6. 

In order to have a better idea of the efiect and disposition of this 
repetition, it is only necessary to look at (No. 68.) where the rack y c 
ia aeen in p er s pective ; the hour snail L, and the star wheel £ ; the 
poUeys A and B, the ratchet R, the wheel o, the part of raising m 
fi of the hour hammer ; these are the principal parts of a repetition, 
wfaidi are drawn as if they were in action. 

The snail L is fixed to the star E by means of two screws ; they 
both tnm on the pivot formed from the screw V, carried by the all or 
nothing piece T R, moveable on its centre T ; the all or nothing 
piece ibrma with the plate a sort of frame, in which the star and hour 
snail turn. Let us now see how the quarters are repeated. 

Beoidaa the hour hammer M, there is another hammer N, (No. 66.) 
whose arbor or pivot comes up within the motion work, and carries the 

«3 
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piece 5 6^ (N<k 6&) Xhft prohNoig^d piTot of tile 
passes also within the motmi iroiii, and carries thd. tmall mam q : 
these pieces 5^ 6, and q^ serve to n«k« the quarters atrike by doaUe 
blows. This is the effect of the quarter, rack Q^ which has tedk st 
the ends F and 6, that act on the peoes q^ 6, and cause the baoiK 
mers to strike. This piece or rack Q, is carried about by the artalE^ 
which Uie arbor of the ratchet R has on it| by a squaee abDve die 
fwdly A« in such a muea&t^ that when the hours are repeated, liie 
.ana k acts en the pin G fixed iat the quavter rack, and obUgea it to 
ftnm and wee the arms q and 6^ and eensequenlly the faaBiia«n« 

The number of ^piarters which die hamtners jiMist strSte^ is ikter^ 
mined by the quarter (inail N, according to the d^th ofthe ateps A» 
1) 2, or 3) which it presents : the quarter rack Q, p rcMc d by the 
apring D, retrogrades, and the teeth of the liKik lengage Hdie er 
with the arms q^ 6, which get also a retrograde moden^ atti 
brought back by the springs 10 and 9 : The arm k^ bringing haek 
^tbe quarter rack, its arm m acts ea ibe ^tremi^ B ef theeil or 
nothing T R, the opening of which alt o^, trayersuag j^iliet a atad 
£zed to the plate, ^dlows R to describe « shoaU i^aoe t the arm ii^ 
coming to the OBKtremity of R, this last pcessed by ihfe ifrii% i^i^u 
made to returm into its place^ «o that the aita ^tmests ew ijbe enA S% 
msSl by this the quarter rack cannot fall or retnigDids^ ¥«lesB the all 
or nothing piece is pushed aside. The arm i«, carried by the fvu^ 
ter radc, serves to overturn or set aside the raising piece lau (No. fiCL) 
which is nweeahU on the 4»rbor qfihe howr hannmet^ wheae pin 1 
conies up within the motion work ; so -that when even jtbe houn and 
quarters we repeatedf the quarts rack still •continues ilo move a liUle 
way, and the arm u turns aside the raising fneoe i^ by Soaeans eCthe 
pin 1, which comes within the motion-work^ and by this it is pnt 
fiom having any holding with the xatcbet R, so tog as the all or 
nothing T R does iiot idlow the quarter rack to ?retwigwde m: Att, 
which can .only haj^^en in the case whe^, 'hayii^ pushed hosHD 4he 
pendant against the snail, the arm h of the siidc C G pteam !the 
snaU, and makes it describe a unall space at the extranity & ef the 
all or nothing : then the quarter rack will fidl and disengage ikehtdka 
or lifting pieces, and the hammws will strike hour and quarteam ^y- 
en by the snails L and N. 

The great hammer carries a jan 3, (No. 68.) which csnca up ite jdie 
jnotion-work, through an opening marked 3, (No. 88.) theisfHg r 
acts on this pin, and causes the great hanuna: to strika This hanii^ 
mer carries enotber pin 2, which passes also 4ihrtH^ to the nia&>n- 
work by on openhag 2, (No. 68) ; it is upon this that ,^he fiMdl ^lail «f 
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ib» fibittg piece 9 acts, to make it ghre bkwt tar ^ quanen : the 
flaaD h am mer has aba a pn which panes thifoiigfa to the motion- 
ivorit b]r the opening 4 ; it is upon this pin that the spring 7 presses, 
to cause the quarter hammer to strike. The spring S is the spring 
jamper, wlrieh acts on the star wheel E. 8 represents the canon pi- 
wimtf and die quarter snail N, seen in pe rsp e ctiv e. The quarter 
Qia& N isrivetted on the canon piniott C, the end of which, D, car- 
fiea At minuteJiand ; the snail N carries the sm^se S, the effect 
of which is die same as that for the repeating clodt, that is to say« 
when the pin O of the surprise shifts the place, or causes the star to 
adfiaee, and the jumper haring done turning it, one of the teeth of 
die alar comes to touch the pin O, which is carried hj the surprise, 
and causes the part of the surprise Z, (No. 68.) to advance ; so that 
«lMn die arm Q of the quarter rack Mis on this part Z, and pre- 
^mam H 60m iidling on the step 3 of the snail, bjr this the piece 
npnats mlj the hour. The changing from one hour to another is 
bf dris waj auide in an instant, and the watch strikes the hour ex- 
aedf as marked hjr the hands. The socket or canon of the canon 
piflMi C D, 9, is slit, in order that it may move spring dght on the 
fjtOte second wheel, on whidi it enters with a degree of stifT. 
er ftiction slight enough to be able to turn easily the minute- 
to either side, by setting it back or forward according as it may 
lit r equ ir ed, which sets also the hour-hand to the hours. 

It is proper here to undeceive those wlio think that they injure 
their watches in setting the minute-hand backward. In order to con- 
vinee one^s self that there is nothing in this, it is sufficient to remark 
die podtion which the pieces must Irnve in a repeating motion-work, 
when it has to repeat the hour, when the pendant or pusher has 
brought back and set aside all the pieces which communicate with 
die snaib L, N ; for at this time there is no communication or con- 
Melion between the pieces of the movement and those of the motion- 
work, but that of the pin O of the snail or surprise, with the teedi of 
fh» star wheel E, which nothtng can prevent from retrograding. If 
Aen die minnte hand is made t9 mnke a complete turn backward, 
dto pin O wiS also make one of tfte teeth of the star retrograde ; and 
W die watch is made afterwards to repeat, h win strike always the 
Ihnus and quarters as mail^ed by the hands ; but it must be observ- 
•d, titat if the hands were turned in the same instant dmt the watch 
la nnide lo repeat, they would then be prevented. It is necessary 
^ btftire touching the hands of a repeating dock or watch, to 
tM it has repeated the.hour, so that all die faeces shall have 
taken dieir natural situations. 
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It is easy to condude firom this, that since, with a repcfating walch 
we can set backward or forward the minute-hand, according as it may 
be required, we may, with much greater reason, do thia in a plaiii 
watch where no obstacle is opposed to it. 

As to the hour-hand of a repeating watch, it ought never to be 
turned, without that being done by the minute-hand alone ; exc^ 
in that case where the repeater does not strike the hour marked by 
the hour-hand* when it would be necessary to put it to the hour which 
the repeater strikes. 

When the repeater gets of itself deranged, by the hour-hand not 
according with * the hour which the watch strikes, it is a proof that 
the jumper S, or the pin O of the snail, do not produce the efliN^ re- 
quired. 

The returning or minute wheel 5, of 40 teeth,is placed, and turns on 
the stud 12, (No. 6&) which is led by the canon pinionN, of 10 leavca; 
the minute wheel pinion of 12 leads the hour-whed of 36, causiDg it 
to make a revolution in 12 hours, and the canon pinion mdcea 
1 2 revolutions for one of the hour-whed ; it is the socket of the hoar* 
wheel whidi carries the hour hand. The raising or Uftiag pi^cea m 
», (No. 66.) can only describe a small arc, which permita die ratcbel 
R to retrograde ; and so soon as the mover brings it badi, the arm 1 
of the raising piece draws the hammer M. 2 represents the under 
side of the all or nothing, with the two studs ; one U as a centre on 
which it moves, and the other <v on whieh the star and snail turn, 
the hole e of this piece allows the sqoare of the fusee of the 
movement to come through, and lastly passing through the dial, 
serves for winding up the watch. W, (No. 68,) is the locking spring 
and bolt ; this is what prevents the movement from opening out ci 
the case. 

Y is a small cock or bridge which keeps the rack to its place, and 
prevents it from getting away from the plate, permitting it to turn 
only on its own centre. 

All the parts of the repeution or motion work which have been 
described, are placed on the back of the pillar plate, and are covw- 
edby the dial ; so that between the plate (No. 68.) and the dial, there 
must be an interval to allow sufHdent play for the motion work. .It 
is for this purpose that a piece is destined, which is not represented 
here, and which is called the brass edge. This is a sort of drde or 
ring, into which the circumference or edge of the pillar plate ia sunk 
a little way, with which it ia kept fiut, by means of keys, or griffii 18 
and 14. The brass edge is covered by the did, ^xed on the 
^g^t ^ means of a screw. 
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A repeater it mide to strike the hourwhich H ifidieatee the mo- 
ment we press in the pendant ; so that the machine must be contri- 
ved in such a way, diat it may be eaaj to push in the pendant, and 
that the blows of the hammers maj be the stro n ges t possible. With 
respect to the first, that depends on two things, the given force of the 
firing, and the length of the pusher ; that is to say, the space de- 
scribed, and the manner of making the pusher act on the rack. With 
regard to the last, the rack must be placed in such amanner, that the 
point of contact of the pusher fellows the arc described by the rack, 
in such a way that the force shall not be decomposed, so that the ao- 
tion of the hand on the pusher shall be exerted wholly upon the rack. 
With regard to the pusher, its length depends on the point where 
it acts on die rack, that is to say, according as farther or nearer the 
ooitie of motion. It is obvious, that if it acts near the centre, niore 
ftree is required, and it will describe a leas space, and vicef>er9a. As 
to the ferce of the blow of the hammer, it is limited by the force of 
the repeating main-apring, and by the force that the runners require to 
move or keep them in motion ; for it is clear that it is only the ex- 
cess of the force of the spring over the resistance of these wheels 
that can be emj^ed to raise the hammer. The number of blows of 
the hammer, for one revolution of the ratchet, determines again the 
force of the bbw. 



CHAPTER XVII. 



On Thermametersy Pyrometers, and the espannve rtitio of 

Metals^ SfC. 

Before giving descriptions of compensation pendulums, it will be pro- 
per. to take a review of Thermometers, their different scales, and cor- 
req^onding degrees, because they are required, when making trials 
of the expansion of metals, by the application of heat to them, when 
placed for this purpose in a Pyrometer. We shall give an account 
cf the result of such experiments as have been made in tiiis way by 
sondiy philosophers, leaving the artist to adopt any of them which 
be pleases. They will show what has prog^ressively been done, and 
kj getting a general knowledge of the rdative expansion of metals, 
he win be better enaUed to construct compensation pendulums, on 
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fluch principiffl ts may seem to him the best calcukted to obCaul the 
eodf^qubred. 

Fahvenhcait's thermometer ii used in Britain, at least it ia the one 
in most general use. The space on the scale of it, between the frees- 
ing and boiling points* is divided into 180 degrees, beginning at the 
tenqperature produced by mixing snow and c«nmon salt together, 
which is 32 degrees below freesing ; of course the fineenng point is 
marited 92^t and the boiling point 212^. The thermometer known 
by the name dF Keaumur'^s was in &ct construottd by De Luc, and 
used in France before the revolution ; it is still used in Italy, Spain, 
«bmI in general throughout the most part of the continent of Europe, 
avail in Russia where that of De Lisle^a was contrived. The scale 
of Reanmui^s between the freesing and boiling points, ia divided in- 
to 80 degrees, the fireesing point being marked z^ro or 0, and the 
boiling point 80°» c(msequently 180 d^;rees of Fahrenheit is equal 

to 80 d^eea of Reaumur, or 18 of Fahrenheit is equal to 8 of 

R 
Reanmmr, or 9 of F. equal to 4 of B. ; therdbre F s: -^ + 32. 

Then 2-25 degrees of Fahrenheit is equal to 1 degree of Reaumur. 27 
dcgreea of Reaumur^s thermometer, the height which Berthoud rais- 
ed it to» in bifi experiments on the expansion of metals, will be found 
to be equivalent to 92^.75 of Falirenheit ; or 92.75'' ~32 = 60.75 
degrees, the whole range of the difTerence of temperature made use 
of in his experiments. We believe that this was also the extent taken 
by Mr. Troughton with his superiative pyrometer ; for these reasons, 
it may be proper to take the expansive ratios of brass and steel, as 
given either by Berthoud or Troughton, seeing their experiments 
did not go so far as boiling water, yet far enough to give such pro- 
portions sufficient to fit up a compensation pendulum. A pendulum 
may sometimes be exposed to a cold below the freezing point, and at 
other times to a greater degree of heat than 92*75^ of Fahrenheit ; a 
range of 60«75^ should surely be enoug;h for this purpose^ 

The thermometer of Celsius is used in Sweden. It has been 
used also in France since the Revolution^ under the name of thermo- 
mitre centigrade* In it the space between the freezing and boilkig 
point is divided into 100 } the freezing point is marked zero, the boil- 
ing point 100. Consequently the degrees of Fahrenheit are to those 
of Celsius as 180 : 100 :;:: 18 : 10 ^9:5; that is> 9 degrees of 
Fahrenheit are equal to 5 of Celsius, Therefore to seduce the de- 

06 
grees of Celsius to those of Fahrenheit, we have P =£ -^ -f 39^ and 

1.8 degree of Fahrenheit is equal to one degree of the centigrade 



•I 
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theraiOBieter. It may be obeerved, that it was the fertile genius of 
Dr. Hooke that suggested the freexing and boiling of water, as filed 
points of temperature, to inchide a scale marked with the Tarious de- 



These being the principal thermometers now in use, the tempera- 
tare iadicated by anj of them, may be reduced into the corresponding 
degrees of the others, by means of the following simple theorems, 
in which R signifies tiie degrees on Reaumur's scde, F those of 
Fahrenheit, and S those of Celsius or the Swedish thermometer. 

Isl, To conrert the degrees of Reaumur into those of Fahrenheit. 

?J? + 38 = F- 
9d^ To omrert the degrees of Fahrenheit into those of Reaumur. 

8d^ To oontert the Swedish degrees bto those of Fahrenheit. 
^ + 89 = F. 

41*, To oonyert Fahrenheit into Swedish. C ^ ^^^ x 8 = S. 

M*9 Tocenrert Swedish into those of Reaumur, -r-- ^ R* 

RxS 
6tt, To eonrert Reaumur^s degrees into Swedish, -j^ = S. 

For those unaoqufunted with the algebriuc expresnons of arith- 
metical formulse, it may be necessary to explain, in words, one or two 
of these theorems. Case Ist, Multiply the degrees of Reaumur by 
9, divide the product by 4, and to the quotient add 32, the sum ex- 
presses the degree on the scale of Fahrenheit. Case 8d, From the 
degree of Fahrenheit subtract 32, multiply the remainder by 4^ and 
driide the product by 9, the quotient b the degree according to the 
scale of Reaumur. 

Sdf-rcgistering thermometers have been contrived by several ; (or 
an account of one by the late Alexander Keith, Esq. of Ravelstone^ 
Se$ Nichtdsofi's Jaumaly vol. iiL 4ta Series, Or Edinburgh Phih- 
eaphieai TransactionSf voL iv. 

Fer ike following on thermometer scales, we are indebted to owr 

ingenious friend Mr. Scott. 

** Although Fahrenheit's scale coincides in many instances with de- 
grees on the centigrade and Reaumurt yet the oidy points which are 
characterised on Fahrenheit, whidi agree with points on the other 
aedfis, without fractional parts, are thoee of freeiing and bcnliiif wa- 
ter, as seen bebw. 
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Fahrenheit* 


Ceniignule. 


RcMimur 


'< Freeiing 


32° 








" Temperate 


48 


81 - 


7- 


** Agreeable 


64 


17JJ 

y 


141 


" Very wam 


80 


26«. 

II 


21» 


•< Blood heat 


96 


3S| 


2W 


" Fever heat 


112 


44^ 


36| 


« Water boils 


212 


100 


80. 



^^ Therefore, if Fahrenheit is right in his scale of temperatures, there 
is a want in the other two, in as much as fractions of a*degree^ are 
required to point out the most usual known temperatures. But» as 
Fahrenheit's scale commences at a degree of ocJd which seldom or 
never is known in Europe, — ^perhaps it would be better to make his 
scale begin at freezing with O, and ascend to 180o for boiling water, 
and the degrees below O or fireesing, might be made negative, aa is 
done in the others ; freezing and boiling water being points widi 
which we are familiar. (A sketch of the propoMd improvement of 
Fahrenheit's scale, sec Plate XIV.) It is done by simply deducting 
32^ from all the points of Fahrenheit's usual scale. Were such a one 
adopted, there is no doubt but it would soon supersede the preset 
mode ; it is both more natural, and agrees with the two extreme points, 
so well defined. For scales of the three thermometers, and the fer- 
mulss for reducing the degrees of one scale into those of another, six 
cases being given, with their solution, see Plate XIV* 

Godfiroi Wendelinus, or Vendelinus, Canon of Conde, in Flan- 
ders, who published a dissertation on the obliquity of the ecliptic in 
1626, seems to have been the first who observed, that by changes of 
temperature, metals changed their lengths ; and Muschcnbrock ap- 
pears to have been the first who made experiments with a machine 
which he called a pyrometer, to try the effects of heat and cold on 
various metals : an improved pyrometer was made soon af^rwards by 
Mr. John EUicott. See Muij^enhrovVs Phil. vol. I. p. 202. Ric^ 
€90^8 Jim. I. 109. Weidler^ p. 457. Gass. op. Tome V. p. 585. 

A curious fact is published by De Luc. A brass rod, which he 
used as a thermometer, became in summer habitually longer ; that 
is to say, that af^ being for some time lengthened by heat, it did not 
contract by the application of cold to its former length, but continu- 
ed somewhat longer. In winter the contrary phenomenon took place. 
After being contracted by cold, it did not return to its former length 
on the application of heat, but kept somewhat shorter. A leaden rod 
showed these effects in a greater degree. Glass has not this quality 
De Luc suspects this property, is inversely as the elasticity of be 
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ditM. Gbuf is perfectly elastic, and lead in lesa elastic than brass. 
Jtmr de Phys, xviii. 369* The compound pendulum by Sraeaton 
bu a glass rod, and pendulums of this kind have been observed to 
do uncommonly well. Can this arise from the principle^noticed by 
M. De Luc ? 

Dr. Ure, an eminent chemist, observed something of this kind to 
have taken taken place in sine. See his Chemical Dictionary, article 
Caloric. If the experiment was pushed to a great length, this pro- 
perty might be perceived in other ibetals ; it was found even in steel 
by Berthoud. 

Zinc, from this cause, may be redumed ametal unfit for a compen- 
sation pendulum. The sine tube pendulum we found to do extreme- 
ly well, as did also the sine bar one contrived by Mr. Henry Ward, who 
was a man of very considerable talent. We shall give an extract of 
what he says on this matter in his pamphlet, published from the Trans* 
acdona of the Sodety for the Encouragement of Arts, Manufiurtures, 
and Commerce, for the year 1807. '/ It has been the opinion 
of some mechanists, that sine is an unfit substance for a com- 
pensation pendulum, because they .have thought it too soft for the 
porpoee, and that, after being heated or cooled to a considerable de- 
gree, it does not return to its original dimensions. If that was real- 
ly the case, no doubt but it would be a general one, common to all 
metals in a greater or less degree ; but from the experiments and ob- 
servations I have made on sine pendulums, I am fiilly satisfied there 
is no foundation whatever for such an opinion. Some time in the latter 
part of the last summer, I however nodced a circumstance that made 
me doubt the matter ; for, when I first used any zinc pendulums, I 
could never bring the clock to keep the same rate fer two days to- 
gether, but that it was continually retaiding, whether I used the lamp 
or not ; and had I not before observed a similar effect on a lever 
pendulum^ that was made of brass and steel, I should have as- 
cribed the cause wholly to the softness of the sine bar ; but by 
eonstantly comparing its daily rate with one that had been going 
a longer time, I found that this retaidmg property gradually wore 
ofi^ and in less than a month, would become quite settled to the 
rate that it would afterwards keep. By subsequent experiments 
with the lamp too, I have constantly found, that all the pen- 
dulums I have hitherto tried, kept precisely the same rate, both dur- 
iBg the time they were heated (provided they were prcqierly adjust- 
ed) and afterwards, as they had done before. The cause df this re- 
tardation appears tome to be, that the pointaof eoatact of the differ^ 
ent pieces which e o m pos e the pendulum, are move doaefy connected 
flfbr a Ultk tiase tluni tlM7 wvw al fint i thaiia» thoaa poinCa of con- 



9M) BXPAMtlOV OF METALS. 

tact do, by the weight of the ball, yield to each other in a small de- 
gree, until they get a broader bearing.^ 



Tables of the ExpanMon of Metals. 

Fergusok's — Iron and Steel as 3. Ellicott's — Gold - 73. 

Copper - 4J. Silver - 103. 

Brass - - 5. Brass * - 95. 

Tin - - 6. Copper - 89. 

Lead - - 7. Iron - - 60. 

Steel - 56. 

Lead p. 149. 

The following is Smeaton's Table, showing how mach a foot in 

length of each metal lengthens by an increase of heat, coRespond- 

ing to 180 degrees of Fahrenheit's thermometer, or the difiSsrence 

between freesing and boiUng. The unit is the 10,000di part of an 

inch. 

White glass barometer tube - - - 100. 

Martial regidus <^ antimony - - 190. 

Blistered steel 188. 

Hard steel - .... 147. 

Iron 151. 

KsnfQth • - . . • 167. 

Copper, hammered « . - - - - 904. 

Copper, 8 parts, mixed with tin, 1 « - 218 

Cast brass - 225. 

Brass, 16 parts, with tin, 1 - . . 229- 

Brass wire, and speculum metal ... - 233. 

Spelter solder, Tii. brass, 2 parts— cine, 1 - 247. 

Fine pewter - - 274. 

Graintin .... 296 

Soft solder, vis. lead, 2--tin, I - . 801 . 

Zinc, 8 parts, tin, 1, a little hammered - 3Si8. 

l^ead ••--•.- «>Snk 

Sue, or qpdter ..... 358. 

Zinc, haimnnvd half aninch per foot - 873. 

See PhiL Trmu. vol. 48, Art* 79, p. 598 ; and for De Lt 
perimenta oa Ramsdea^t pyrometer, see PhiL Trams. toL 
lit Art SO. p. 419^.546. 
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Qemerul Mag's Table af Eaptauiam. 

In Ae penduhnn of secondly the qusndty reqiiired to be «Med 
to or tabtncted from the lengtii, to cause a gain or loss of one mi- 
note per day, is 0.0545 of an inch at a medium, which does not diief 
from eidier extreme, more than the half of unity in the hst figure. 
Hence the mean variation of length answering to one seoond, is 
0.00098 of an inch. And by Creneral Roy's experiments, in the 
T5th Tofaane of the PhU. Trans, the expansions of fiTe feet, of die 
mder-mendoned substances, by a variation of temperature of 180 de» 
grcea of Fahrenheit, namely from 98 degrees to 21S d^irees, are, 

Bod of English plate brasa - « 0.113568. 

Ditto of steel 0.068684. 

Frism of cast iroo .... 0.06656S. 

Glass tube 0.046569. 

Solid glass, and made long before - 0.048472. 

Expansion of mercury is said to bt fifteen times that of iron. 
Hence» it is seen, that in a doek. with a simple pendulum, having the 
rod of steel, every difference of temperature of four degrees will causa 
a variation of one second per day ; that the variation with a brass 
rod is nearly twice as much, and, with a glass rod, not much more 
thao half the quantity. The difference between the mean heights of 
the Aennometer within^ at the Royal Society's apartments^ in sum- 
mer and in winter^ is about 25 degrees. Hence, the difference be- 
tween the going of a clock with a simple pendulumi in winter and in 
sunanext or in summer and in winter, will be about six seconds per 
day, or one minute in ten days. 

The difference in leogth, in straight grained deal wood, is fiiund to 
be very small, whence it is a genoal opinion, that in clocks of the 
csmmon construction, in which the pendulum is without intennissioii 
connected with the train, and the parts of the 'scapement are oiled^ 
tha eizors of expansion in such a pendulum are much less than thoac 
which sadse from the unequal transmiasion of the maintaining power* 
See NichoUan's Journal^ quarto saries, vol. 1st, page 58^ MafTy 

1797. 

^* Lieutenant Henry Kater (now Captain Kater) makes the ex- 
pansioD of white deal, from the temperalure of 186rto 49& to be 0.0205 
for lour fieet, and, for one ftot, to be 0.0040 paru of an inch. Peal 
is then to sine as 40 to 353^. This aeooa to hare We» )iBb wmrwJ 
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zinc. From the trials we have, made with wood there did not appear 
a poanbility of getting such a resjlt as. could be depended on. 

M. Berthoud made experiments with wood^ but findbg nothing 
that was satisfactory in his trials, has given us no account of them 
that could be of any service, otherwise they would have been given. 
His conclusion is, that wood is very unfit for a pendulum rod ; he 
means, perhaps, for a complete or compensation pendulum. 

Mr. Rittenhouse, a native of Switzerland, and a very able philo- 
sopher, now residing in America, says, ^^ That there is no expansion in 
white deaL^' See in Dr. Ure's Chemical Dictionary^ very neat and 
copious tables, nqtonly of the expansion of solids, but also of liquids, 
from 38 to 212 degrees. 

Before giving the table of expansion of metals by M. Berthoud, it 
may be ^per to give his detail of the process he made in making 
these experiments on his pyrometer. Being an excellent workman 
as a watchmaker, an intelligent mechanic and philosopher, and at the 
same time zealous to find what were the materials proper for fitting 
up a cotApensation pendulum, we may have great confidence in the 
results he has given. 

He says, ** An abstract of the experiments which I made on the 
expansion of different bodies. No. 1687 of his Essaisur rhorhgerie. 
To make experiments on different metals, in order to deduce the 
proportion or ratios of their expansion, it is not enough to have oon- 
stmeted the instrument we have described, (meaning his pym- 
liieter;) these experiments require an extreme precision, without 
which, it is astonishing to find such opposite results, although we 
think to have always operated in the same way. This is what I 
have fbtmd several times, for the same degrees of cold and heat, have 
not always given the same extensions, lliese were the difficulties 
which obliged me often to repeat the same experiments ; and willing 
to avail myself of the cold of January 1760, 1 perceived, that in 
making these experiments, in the same way as in the preceding years, 
I found results very different, which I attributed particularly to the 
way by which the heat of the pan was introduced into the stove. In 
the stove he placed his pyrometer and thermometer^ and the rode 
bf metal under trial ; for hitherto it was a pipe from the warming pan, 
which went up by the side of the rod of metal under trial, and as the 
thermometer was at a diiBtance frt>m it, it happened that the heat 
which impressed the rod, was not exactly that which impressed the 
thermometer ; so that, according to the greater or less liveliness of 
the fire from the pan, and of the time which the experiment lasted, 
the rod and the themometer were heated very differently. 
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^ 1687. Here, tben, are the changes which T made. Firsts I 
jilaeed in the stoye a plate, bent at the place where the heat which 
eonies ftom the jupe of the pan, to impress the inside of the store ; 
tins plate is bent in such a manner that the heat goes down again, 
and diridet itself to get up equally in every part of the stove. 

** 10B8. Secofidly^ I placed the thermometer quite near the rod of 
metal, at the requisite distance, so as they do not touch one another ; 
by this means, it happens that they are equally impressed by the 
same heat 

*^ Note. I applied on the same plate three thermometers of mercnry, 
firided after the scale of Reaumur ; the first with a cylindrical kind 
of ball, it rises to boiling water ; the second has three branches, and 
goes to 99 degrees above fireesing ; the third has four cylindrical 
brandies, and rises to 74^ above fW^ezing. They arc made thus with 
Ihrend branches, in order to render them more or less sensible ; and 
to oompare them with rods of different thicknesses, so that a degree 
of heat acts with an equal advantage to dilate a rod of a given thick- 
ness, and dilate the mercury of one of the thermometers : so, when I 
examine in the stove the lengthening of a rod a little strong, to know 
Ae degree of temperature which makes it change, I see the thermo- 
meter which has the greatest quantity of mercury under the least 
snrflice ; and when I have a small rod, I use the thermometer with 
two branches, which has less mercury under a greater surface, be. 

^ T889. Thirdly^ To set out in a sure or certain way, with the 
nmme degree of cold, I made a cask of about 4 feet deep, and 9 inches 
in the base ; I filled it with pounded ice, so, by placing in it tbe 
ttids wbidi I wanted to try, they took exactly the temperature of the 



^ 1090. I made use of a more moderate and continued fire to give 
Beat to the stove. I formerly used live coal or charcoal, now I make 
xue of the peats which the tanners make up and sell for burning; 
tliia Ihre is mild, lasts a long while the same, and introduces itself by 
tliia means in an uniform manner, which imitates the gradual heat of 
the air. I did not use those peats which are of the same laxgeneas 
cf siie, till they have been equally burned, so far as to smoke no more : 
I had particular attention that the time of the experiment was always 
cf the same duration, in order to have exact results ; and I can po- 
mtirdj say they were so. For, having repeated several times the 
same experiments, I have always found the same results ; in conse- 
quence, I have recommenced all my experiments, not only on those 
metals which I had observed, but even upon glass, gold, and silver, 
having got drawn a rod of gold and of silver, 40 inches in length each. 

2a 
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**'M. Bomilly, a vexy aUe watchma]kinr^ vas present ai sowmrfmj 
experiments; having invited him to see theni» hehadth^ oompfausaofle^ 
to procure for me the rods of gold and silTer. Bjr meana. 9f thaM 
experiments, I j^ve here a complete and exaci taUe of Ae e^pmJMi 
of an the metals which. I tried, and I suppress all thd aiqpeiiipefiM^ 
which I made during foui: preceding winters, with sevand suhatanoea 
compounded of lead, antimony, &c being n>t suffidentlj aamct tMi 
have a place here. 

llih March, 1760. 
«< 1691. Having filled the cask with ice, X placed in it diflBBocent ndk 
of the same length,^ that is to say^.of 3 fe^t. 81 inches, 6 linesg»;4Wl 
lines, reckoning from the fixed point which keeps to the u|fec pillar 
of the pyrometer, to the point where they aot a^jjainst the nek. ; t)ie. 
breadth of these rods is 5 lines, and 3 fines ibick ; itmu^ he re^^ 
marked, that to each rod which I triad, I brqugbt. the tfyrmcnPfitear 
to the freezing point, by covering it. with pounsd^ iqe» 

Ewperiment!'^ 
" 1692. Having taken therodof glasa&Qm.thecaski and placed it> 
on the pyrometer, the thermometer at zero,, the hand or index of ibi^ 
pyrometer at 68 degree of cold ;, having placed the stov^. and. beate^ 
it, the thermometer rose to 87 Aegteesj, and the uulax of the pjnfQf; 
meter to 6 degrees ; so for 27 degrees ot tlie thennometer, ibo^ifidex 
of the pyrometer has described or run over 6S divisions of the drd^ 
that is to say, the glass rod has lengthened -^ths of a^ line* 

" 1693. I took from the cask a rod of tempered steelj^ whidi had 
been brought back to a blue, that is to say, that it had the temper 
of springs, or nearly so; having placed it. on the pyrometai^ when 
the thermometer marked, zero, and the index oC the pyrometer 19^ 
degrees of cold ; by means of the stove, I made the thennomttac ntm. 
to 27 d^rees, the pyrometer to 58 of beat, the index of the pysami^ 
tOT has described 77 divisions of the fimb or arch of the. ciicle» w thja* 
tempered steel rod has lengthened -^jths of a line. 

**ie94f. Likewise,having taken therod of leadfirom oat of theice,^an4. 
placed it on the pyrometer when the thermometer was at zero, and tkei 
index of the pyrometer at 91 degrees of cold, when the thermometer waa 
raised to 27 degrees, the pyrometer marked 102 of heat ; then, whibt^ 
the thermometer was raised to 27 degrees, the index of the pyrome- 
ter has described 193 divisions of the limb ; that is, that tVe rod of 
lead has lengthened ^ of a line in setting out, and being Keated to 
27 d^eees of the thermometer of M. da Reaumur^ 



mSBXHOILD^a KXPAHilOK OF METALt. J55 

'^ M&5. By a piooe^ peifrcdy nmilar* a rod of tin lengthened 
^i a rod of bnHi ^ i^rodof gald» qualitj 21 carats, wire drawn, 
aadiory.luuDd, leiy;thc»ed» J^; the swne rod brought back in the fire 
t^mAea it« leagthooed^: thand of ateel being softened, length* 
eaedJ^ wUcfa wait finuid bjr two separate trials ; a rod of iron ham- 
mend oold, kagthenad ^; thesame rod softened, ^; a rod of cop- 
per, ^; a rod of metal, composed of lead, and with one-sixth part of 
aatiBMiiy, ^ ; a glass tabe, four lines in diameter, ^; a rod of sil- 
ver wire drawn, ^. Then expansions are arranged in the follow. 
iagTdde: 

BerihauiFs Table of the Proportion of the Expansion of 

Metais, 4*^. 

*<1696. Steel softened .... 69 

Iron ditto 75 

Steel tempered .... 77 

^n forged cold ... 78 

Gold softened - - - . 82 

Ditto wire drawn ha^d - - - 94 

Coppcs .... 107 

Slyer wire drawn ... 119 

Bxa(» 121 

Tin 160 

Lead 193 

Cybus 62 

l^cmy 123jr 

Berthoud, in his calculations, made use of the ratios of 74 for 
^^(Bl tp lf(X fof In»m* SSome haye made the expansion of platinum 

^*.\99!J.\Alii ibeiiBeToda were tried, without being hadcA or charged 
^M1^ w«igb(9 : Aft«rv^ards, wishii^ to know the change thai the. 
^9ig)it 9f a p0fi4v]ittm bull, or l^nut would. caMso to the extension of 
^\9 f9d#> I $wd l9 a rod of iteel, a lentille of 3& lb., and found 
^lMll.l^aLf9^MimiiL nas sensiUy the wm. bat the cold did not sbor. 
t^ tJi#.iod thp wune quantity that tb^ heat had diUat^ iit. I i^att 
^ itlilft9 tbfiiP «xpcrii9»ts I^er^ bewiie they did not appear to me 
mwejMt. enough. 

^ 199S- I suitress alsp, tp inake thi^rt details of the experimisnta 
tliA^ I made m xods of wood of diflEBrept; Imds ; suffix^ it to sajt 
tWk wood if sulgeot to T«ry oo ^s j dfn a M f e nherations by heat and c^ldt 
% mmstore and dryn^ss^ in so vmdk» Uiat it isvory unfit to mafco- 
pnMJnliwi lodaof. 
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'* 1699« Although metals expand in all directions, we have eonsi- 
dcred their extension only in their length, because it b only this 
which we need ; it matters very little whether a pendulum rod is 
thicker in summer than in winter ; but it is not the same with regard 
to its length, as we shall see in the following chapter; moreover, if 
it is wanted to know how much a given metal rod becomes thicker 
or broader by such a degree of heat, it is only necessary to compare 
its extent to that of the same rod in our table, and the extension of 
the demanded dimension may easily be ascertained.^ See Essai sur 
PHorlogerie^ par M, Bert/umd. Tome second. Seconds Partie. 
No. 1686. Anno 1763. 

Late experiments made by Messrs. de Luc and Dalby. From the 
freezing point 32, to the boiling point of 212 of Fahrenheit's ther- 
mometer, the unit a 10,(X)0th part of an inch. 

The results were asfoUow : 
Glass. Platinum. Blistered Steel. Iron. Brass wire. 
.0083 .0087 .0112 .0126 .0194 

Zinc. Hammered Zinc. Mercury. 

.0296 .0308 .183£ 

If we take the expansive ratio of brass at 80, and steel at 49.575 
as given by Mr. Troughton, then Mr. Smeaton's would be 80.55, 
and 47.912, and General Roy's would be 78.95, and 47.7. Mr. 
Troughton''s pyrometer being so extremely nice or senrible in its ope- 
rations, that the proportion of brass, 80, to steel, 49.575, may be the 
nearest and best we can fix on. 

Some estimate may be formed of the advantages of a compensatioii 
pendulum, by comparing the going of a clock, which had one of £U 
licott's construction, with that which had none, as shown in a letter 
from Mr. Bliss at Oxford, dated 12th July 1752, to Mr. Short in 
London, who says, ^^ I find, upon examining my book, that the great- 
est difference in the going of the clock, between the coldest weather 
of the two last winters, and the hottest weather of the two last sum* 
mers, is no more than one second a day ; and this was occasioned by 
the levers being made too short, of which I advised Mr. EUicott above 
a year since : whereas a clock with a simple penduhnn with a brass 
rod, made by Mr. Graham, and which belongs to Dr. Bradley, in the 
coldest weather lost above fifteen seconds per day, and in the wann- 
est gained above thirteen seconds par day, and went very near the 
equal time in temperate weather.*' It is plain that Mn Bliss 
must have meant gained in the coldest weather, and ia$t in the liot- 
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testy oihenriBe there would be no analogy with the ^ect of the tem- 
perature in samBicr and in winter on the brass rod of the pendulum. 
The pendulum ball reating by its lower edge on the regulating nut, aa 
tbqr uaually do, the expansion of the lead in it upwards, aurely^ could 
Bot operate so much against the brass rod as to make the clock go 
&8t in summer, nor its contraction downwards, so much as to make 
it go 80 very slow in winter. Perhaps this may have been the case 
agreeably to Mr. Bliss^ account of the matter. See Deitcriptian of 
Two Methods, ^c by John Ellicott, F. R. S. pubUshed 1753. 

Graham was the first who thought of making a pendulum rod that 
should counteract the effects of heat and coUl, by a combination of 
mdsor wires of different metals, such as brass, silver, steel, &c. but had 
never put it in execution, thinking they would not be effectual enough 
in their operations : this was about the year 1715* It occured to 
him at that time, that Mercury, from its great expansion by heat, 
would be more adequate to the end* he was in pursuit of. Havii^ 
made a pendulum on this principle, it was applied to a clock, and set 
agoing. In the Philosophical Transactions, No. 393, it is described 
in a paper which was given into the Royal Society, 17^6. He says, 
*^ The clock was kept constantly going without having either the pen- 
dulum or the hands altered, from the 9th of June, 17^2f to the 14th 
of November, 17^» being three years and four months.^ Somewhile 
previous to I7869 Harrison, living at Barrow, in Lincolnshire, waa 
engaged in making experiments on brass and steel rods, when he pro- 
duced what is now called the Gridiron Pendulum. See Ellicott's pam- 
phlet, already quoted* For a very extensive table of the dilatation 
of solida by heat, see Dr. Ure^s Chemical Dictionary. 



CHAPTER XVIII. 

On Compensation Pendulums, 

Compensation pendulums are those which are constructed to coun- 
teract the effect of heat and cold in lengthening or shortening a pen* 
duhun it>d. 



Grahamfs Mercurial Pendulum. 
The mercurial pendulum invented by Graham, having been the 
first that waa applied to « dock, fiir the purpoae of compensation, we 
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riudl begin with die deseripCkmofi^ tddi6gtheH>tlieniietfl]r'tt 
tvder of their ihTdbtioti. Thupendiilum connate of a atied tod, ii flit 
loirerend it csiTtes a large gbuw jar filled wxth mercmy^ to that tlje 
expansioii or oMitraction of the rod my be o o an tc Bacted tf^ the <yp4- 
site eiq)aii8ion or contractioii of the mercury. To make this peMlr 
lum in the way which has hitherto been adopted^ is attendei- triA 
considerable trouble, firom the nature of the materiaL The eonMito- 
tion of such a pendulum must always be trouUesomey beeaM aifjr 
additioih to,^t abstradtion of the nefcury from the hiottow by&ider 
or glass jar, to bring about the compensation, will cause a chai^ of 
place with the index point on the graduated arch or index j^iite, 4f 
such a thing is used. A pendulum whidi wiHTrimedy Ait, Aafl be 
afterwards di^cribed; In the mean time, we shsU probeed to grre'a 
more detailed description of such as bare been commonly madOb 

The length of the pendulum over all, from lihc bottom efliieti^ 
to the upper end of the pendulum spring, is about 43.95 indies ; the 
inside bottom of the jar .6 of an inch from the under side of the sDle, 
the height of flie column of mercury in the jar, abouEt 7.47incbea. 
. From the yippev end of the pendulum spring, ttke a length of 89.% 
inches on the -pendulum downwards, ' then 43.95 mches-^— 39.2 +*6) 
will give that jlart of the column of mercury, below the centre of 
oistiUadcih, eqoalto 4.15 inches, and that abov^Jtbe centre &9S in- 
ches. Tlie height of the jar outside 7.8 inches, miidde, 7.6 indies ; 
meandiaBietOTinBide, S^OdS isehes, weight 7';5:oiHicee. Altfaoogh 
it would be stiH better to haM iiof a less/^cight, yet it is donbtfU 
^if it would then be strong enough to suppdrt suehacolumnof ijoid^- 
silver. The weight o£ the stirrup or jar fiani% 1 lb. -6 ounces ; if 
we take 2.55 ounces from the brass sole, and from the top, 8.45 
ounces, making 6 ounces in all, leaving fw weight of the stirrup 
1 lb. The clock when set a-going, (with the poiduhun the sam 
length as before,) after taking this quantity of wdght from Ae atir- 
rup, went slow, at the rate of 46 seconds in 24 hours, and when 
shortened by setting up the regulating nut, it was found iQht .15 of 
an inch less than the fonner length. 

The length of the stirrup bars outside, induding sole and part of 
the top, 8.125 inches ; breadth from outside ^ tbe bars, 8«a5 indies ; 
thickness of the pendulum rod and stirrup bails, 0» 186 of «|i uidh ; 
breadth 0.384 of an inch $ thickness of the sole outside, j9«545-ofrW 
inch ; length from bottom of the sole to the upper aide of the j«r 
cover, 8.187 inches ; jar bottom aOlfk into-die ^\t near to 0.85 indi ; 
from uppersideof jar cover, toiinder side ofillunrQpld^l.VS'iiich i 
height of stiirap top iWm flat fart tyf i^taddum Bid, lv7ft' ina»; 
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of Ae ftUt 0:9t0 hiA ; dimeter of the tegtitiAiig scrat, 
9lkt8 ftMl ; irtult'tftfie mil, l.lMindL Tbe screw oontiiiif 86.S5 
^MmiiB B illc!^ the mit firided into 80 pnme diyiiioi^ eechbemg 
tBtfmi'-tb^Mtwto&BA tL dtf^ die prime dinsors tdbdrrided into fimr. 



USigui diMrrtipTNn mnde . - • 8.05 

YWdOMndPioleiomride .... 0.515 
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Wei|^ of quickulver in the jar 

Ditto of the stirrup frame 

Peodslyia rodjnd qpEiiig,rq;ulatiiignut, jar, cover, &c.0 

Jar .... 

Total weight of pendulum - 14 13^ 

Mlbfe the pendiilmn was altered, the rate of the dock showed, 
Aai the xxMbpensation wte not soiBdently effisctiTe, although the 
he^it tit the odnmn of menmj was n^ody 7.5 inches, the jar 
heft^'ihMtlibll, Ifflowed no more to be put in : reducing tbe weight 
ef'ihe^t.«atne or stfarrup, requited the rod to be shortened, as has 
Mai'Stift)ed,.15of an inch; whether this is enough, remains tobede- 
tMrifaieB. The daily Tate fbr a month or six weeks, was 0.1 second 
sMw wlien 'flie temperature was from 36 d^rees to 40 degrees df 
Mhifelilieit*s thermometer, and got gradually slower as the height of 
A^ ihennMMIer incitased; between 60 and 66 degrees, the daflty 
hM ihm ^ftom 0.37 to 0.45 second ; far about two weeks, when the 
w ead le r i^as e itrenje ly cold, the thermometer at the freesing pdnt 
and ulaMr, -Ae dbdc showed a tendency of rather gaining. 

Of late years, tb^ mercurial pendulum has been adopted in soikie 
rfltMMfattcal docks, and on the whole, seems to have answered Tory 
«tiL Hm mdhor of -tfie Slementt nf Clock and Watch Work 
flMfgkt, Oiat h was iwt "fit^ this pu^^, liefaig too quidc in ha 
eperttioiis of tfipanstan and eonlraction ; but if the corer is wd! 
8Md lolhe tap df «<ks jar, we cm ^fentOQ to say» fteontlie Mdit- 



^ace made by glass to changes p£ tenxperature, that the ^operatioiif 
will be too slow ; and, for this reason^ it is proposed to make such, a 
pendulum, with a thicker rod, and stirrup bars, that they may not 
take heat and cold too readily. A. steel Jar would perhaps answer 
the end as well as any other contrivance ; but some would object to 
this, on account of the danger of magnetism ; but even a jar of this 
Ifind, from its being made thin, (for it would be heavy were it as thidc 
as the glass one,) would be easily effected by changes of temperature, 
and m^cury being still more susceptible of these changes, the oper- 
ations of counteracting the effects of them might be too sudden. But 
perhaps, if the glass jar had an external coating of tinfoil, similar tt> 
the lining of the Lieyden Phialf or some other coating, the inadift- 
tions of heat from the .poUshed-surfooe of the glass would be lessened, 
and the operations of the change of temperature might be sufficiently 
quick without being too rapid. It is of the greatest importance 
that a pendulum rod should, with the smallest quantity of matter, 
be as stiff and inflexible as possible ; and although it was proposed 
to have thicker bars and rods, let us suppose the same quantity of 
matter is taken as before, but under a circular in place of a rectan- 
gular sur&ce, — ^it must, in this form, require more time to get heated 
and cooled, which is the end we now attempt to gain. The sides of 
the parallelogram were .384, and .136 of an inch, the product of 
which two numbers, gives .052224 of an inch for the area or super- 
ficies of the parallelogram. To find the diameter of a cylindrical 
rod, whose circumference should contain a superficies equal to that 
of the parallelogram, divide .052224 by •78$4, and extract the 
square root of the quotient, whidi will give .258 of an inch, very 
nearly as the diameter of the rods, for .258«x*7854=.0522793656. 

Let the improved jar-frame, or stirrup, therefore, be composed of two 
round steel rods^ .258 of an inch in diameter, and 8.85 inches in 
length, from shoulder to shoulder, at each of which pivots are fomu 
ed ; those for the upper ends should be a quarter of an inch long^ 
and about .190 of an inch in diameter, tapped so as to screw firm into 
the upper brass cross piece, the distance fit)m the centres of the tap- 
ped holes in the traverse or cross piece requires to be 2.8 inches, in 
order to give freedom for the jar between the rods ; the length of 
the cross piece over all should be 3.3 inches, and its breadth at ^e 
places where the rods are screwed in .450 of an inch. At the. middle^ 
a circular part is formed, .5 of an inch in diameter, in the centre of 
which a hole is tapped, by which the regulating screF may raise or 
lower the jar-frame without changing the plaice ^of the index point. 
The cross piece may be either farasn or stoeU ^pgl^ ^ latter .up»> 
htps preferable : the pivots on the lower* end of the rods may be of 



Ihe mne diAineler u tbotfe on die i^per end, but a litde longer, and 
tapped a little way in on the ends, when well fitted into the lugs of 
■the brass sole, en wfaieh the jar rests, and sonk a little way down in- 
to it : nuts are teiewed on to the ends of the pivots, and sunk into 
the lower side of the brass sole ; care must be taken to have the dis* 
tance between the centres of the holes in the sole the same as in the 
cross piece, so as to make the rods stand parallel to each other. 1\> 
go outside of the frame just now described, another is made to which 
is attached the pendulum rod, the regpdating nut, and lower sole, in 
which is fixed the smsll steel index, which cannot change its place 
sfter being properly adjusted to it. The upper cross piece for thii 
may be of the same thickness as the former, and in length not less 
thm 4inches ; a hole is tapped near to each of the ends, and theif 
centres are distant from one another 3.56 inches nearly, and are wide 
enoi^ to allow a round steel rod of .2S of an inch in diameter to 
pass freely through : the length of these rods, from the lower side of 
the cross piece to the upper side of lower sole, is nearly 10.6 inches. 
The lower sole may be a brass wheel, crossed into four, the centre part 
being large enough to have a hole tapped, so as to fix the steel index 
in it ; the diameter of the wheel is the same as the length of the up- 
per cross piece, which is 4 inches, and the thickness .25 of an inch, 
or a little more : this sole, in which the index is fixed, serves also as a 
resting part for the pendulum, when it happens to be taken from its 
place. The upper end of the rods \h formed into a sort of double 
shouldered screw, the tapped part is a little more than a quarter of 
an inch long, and something less in diameter ; the length of the plain 
snd tapped part of the screw is about .7 of an inch, and when screw- 
ed into the upper cross piece, it bends to it ; the lower end of the 
pendvlnm rod, which is formed something like an inverted and com- 
pressed j\y having lugs or soles, through which the screws for fix- 
ing it pass. The rq^ating screw has an untapped or plain part, 
which turns freely in a hole, in the middle of the upper cross piece, 
formed in the same way as the upper cross piece for the jar-frame ; 
the nut or head of the regulating screw is shaped so as to lie under 

the hollow of the ^, at the lower end of the pendulum rod^ and on 
the upper side of the cross piece ; the lower ends of the rods of the 
otttaide frame are gently tapered, and fitted into holes in the brass 
wheel, through the edge of which are pot pins to fix them and the 
wheel together ; this ouUide firame has no part in the compensation : 
the brass cover for the jar has the lugs hollowed out a very little, so 
as to come lA on die foda f»f the jar-frame ; the ends of ^ iqg^ tra^ 



T6neoiPwhic1i,tetv^ isitelb^typdiejttr sole, ift^ iMflkMred, ni 
takein wUha part of the rof&'df theoutridd filune, idoi^ which, tte 
jar frame is moved up and d&wh. The hdght of the gfaM j» <nRL 
dde is about 8 iiicfaesy and Its weight and other dimeoMMM nearly 
the same as those stated for th^ former peiritahrin, and the diamener 

of the rod and ^ part is «258 of an inch. 

A view of the improved mercunal pendulum is .(^ven in Plate 
XV. No. 69- a 6 is the .pendulum rod, cc,Sdf the stirrup or 
frame, within is the frame for the jar e/, and h h are the soles for 
the jar and for the pendulum ; ^ is the index which serves to show by 
the graduated plate, fixed to inside of the dock-case, the number of 
degrees and minutes swung out by the pendulum, S the rq^uUdng 
screw, and t, the. jar cover. 

Philosophers seem not to be agreed respecting the expansion of 
-mercury, in con^parison with that of other metals, some maildng it 15 
times, others 16 times greater than that of iron. 

In regard to the colunm of mercury for a mercurial pendulum, 
soHiething depends on its diameter as well as height ; suppose the 
length of steel to be 43 inches, and the column of mercury 7.5 inch- 
es in height, and 2 inches in diameter, which were the dimensions 
used in a pendulum brought nearly to its state of oompensadon, we 
may then find how many times the expansion of this column is con- 
tained in the 43 inches. Say, as 43 inches is to 74, the expansive 
ratio of steel, so is 7.5 inches of mercury to its expansion for com- 
pensating steel. 

Length of steel 43 inches - - log. 1.6334686 
Ratio 74 log. 1.8692317 

3.50270M 



Height of column of mercury 7.6 inches log. b.875)9613 
Ratio, 484.26 - . - - kg. 2.627696» 

3.502700S 



By this process, it appears that the expansion of mercury is not 
quite 5.75 times that of steel. A pendiiluiii, 4ihom vlbmtidin im 
three or four degrees on each side of the point '4yfrM, vfllineqabe « 
column less in height than that which vihrateKdlily #M deglM j 
hence h is a very nice matter to give precise rules fi>r maldBg a iner- 
curial pendulum that shall at once be at Ate pobt oif perftel com- 
pensation. 

If Uie steel rod a 6, and rods of th^ jar fiMie ef a mdmirial peiw 



lUknKaie ItngllMttMl by iMil, thejir e/, coiUibiB|ftlwMni0y^ 
vitt, ftom tluf CMMii be let Iomt dovn^ asd the eeatw of oicilhtiMi 
be earned flHrtlier firon che poise of ra^enMB ; but the beet wfaidi 
IngdMM the rod will at the iaine time eipaiid the iMiciiry iipir8id% 
•ndbgr thie means the centre of osfiHation ig kqpt alwaye at the lapia 
diemoe fiwm the point of oiupeasioa. When the lode are contradUb 
ed or ehortened by oold, the merenry will alec^ be coatmeted by it) 
and hence the lengthening or shortening of the pendahim rod, by heat 
or add, is compensated by eqnal and opposite expansions or cbntmei^ 
tione of the merenry. 

The mercurial pendulum at the dodc in the Royd Obs e tt aCory 'tf 
E£nbutghy had (after two adjustments being made fbr compensation,) 
aboot87<IOO grains Troy in the glass jar, say, 161b. Sos* lOdwt TrojFi 
(shout m lb. aToirdupois.) The height of the ccrfamn of mescurf 
dbont 7*4 inches, and diskneter sllKmt 2.087 indbes. 

Gridiron Penduhim. 

M. Lalande,* on taking notice of clocks fitted fiir thenseof astrono* 
mere, ssys,*^ Pendulum rods which consist only of a single bar of iron; 
win lengdien about one-fifth of aline, nearlg the .OI78 of an EnglM 
tndk, fbr SO^ of Reaumur^ th e rm o me te r, so that being regulated iA 
summer, the dock will gain in winter 90 seconds a dqr.* Itkthenim* 
porCant Ibr astron ome rs to hsTc the pendulum rod composed in such 
a wKj as to correct this expansion and contraction <if metals ; seretd 
methods fiar tliie purpose willbefimndinbooks just now quoted; see 
diat of the Gridirony contrived by Harrison about the year 1728> 
and which is, without doubt, the best 6f all those that hare been pro* 
posed. Graham made up one of them, in 17^1 ^ the Earl of 
Haodesfield ; most of the clocks for astronomers are fitted v^ on thie 
princqile. M* Lepaute, M. Berthoud, M. Robin, and M. Janvier, 
St Paris, have made a great number of them, asid thsy answer the 
end ia the moat complete manner. 

The g r idiron pendulum is composed of nine round rods, five ef 
whidi are made of steel, and four of brass, and is repres^ited. No; 70|^ 
Plate XV. where the steel rods are distinguished from the braMeMS 
by a darker shade. As it somewhat resembles the common |;ridirsli 
in appearanccj it hence probably received its present name. Not many 
years after this was produced, die Fraich artista contrived a vioiel^ 
of compensation pendulums, but the gridiron seen|s to be the onencfw 
gencn% adopted by them. The first p^diblum <ii this kiad idiiA 

* M. LalMide loit an czoeUant Mtnmaiadml doek, bf aUowiaa it Co ^ Im 
wjtksnt cJMwfiif, or fin tJMag H tmk'A 
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w« made was dearly 40 ydacs- ago ; and knowing tluit Mr. Gumming 
bad aoine pracdoe in thid way, he' was applied €o^ and v^ pbiigingw 
ly sent a drawing, ahd the different lengths for the brass and steel rods, 
which,on beingtried for some years afterwards, was found, on the whole, 
to be tolerably correct ; but not quite so accurate in the compen* 
sation as could have be^i wished* From an abstract of the going of 
a clock with this pendulum, it appeared, that, during the t«nper». 
ture firom 46 to 48 degr^s of Fahrenheit's thermometer, it kept 
fliean time. A temperature ten degrees lower, made the clodc gain 
at the rate of nearly half a second in a day, and 10 degrees higher, 
(that is aboiit 58°) made tbie dock lose about as much. 

The iei^^s of the rods ware, outside steel rods from pin to pin, 
29 6> inehes ; middle ift^ rod from upper end of the pendulum spring 
to the pin at tibe lower end, St .5 inches ; inside rods from pin to pin, 
24.5 inches ; from the ]^immi'g of die lower end of the outside steel 
rods to the centre of the ball, five inches ; making in all 90.25 inches 
of steel, to be compensated by the brass. Outside brass rods fit>m 
pin to pin, 26j87 iDches ; inside ditto, 22.25 inches, being in aU 40. 12 
inches of brass. 1'he length which the brass ought to have, may 
thus be found by the inverse rule of proportion. As 90.25 inches, 
is to 74, the numbly for the expansion of steel, according to Ber- 
thoud, so is 121 that of the expansion for brass, to the length of brass 
required ; that is 90.'25 x 74 -f- 121 = 49.4 inches the length requir- 
ed. Altbongh the deficiency of brass here is very little, yet, to re- 
medy the compensation, a greater number of inches, both of brass and 
stedf must be taken, before this pendulum can be made complete. A 
description of such a one shall how be given. 

The length of the outside steel rods from pm to pin, in the upper- 
most and lowermost traverses or brass cross pieces, a, 6, c, c(, is 36 in- 
ches, the next or innermost steel rods, from their pinning in the se- 
cond uppermost traverse m, to that in the second lowermost n, is 35 
inches ; the steel centre rod from the pinning of it, in the third low- 
ermost traverse o, to the upper end of the pendulum spring, is 
37-625 inches, or 37 inches and 4 of an inch, the centre c of the ball 
behyw the pinning of the outside steel rods and index' rod, is 3.94 in- 
ches ; the outermost brass rods from their pinning in the uppermoeC 
traverse to that in the second lowermost, is the smallest quantity pos- 
nUe less than 85.6 inches ; the innermost brass rods from their pin- 
iring in' the second uppermost traverse to the third lowest one^ b 
34.5 incheb. The whole length of the sted is then 112J68 indiea^ 
and that of the brass 71 inches. The diameter of the rods about one 
quarter of an inch, the brass rods a little more in diameter than the 



steel ; the proportioiis may be «8 25 it to S8« The distance from the 
centres of the two outside steel rods is 2.5 inches ; the rods are placed 
equi-distant from one another, only there is a little more space lelt 
between the two brass rods nearest the middle Qteel rod, in order to 
give room for the fork to come in and clip the middle steel rod. The 
two outside steel rods are prolonged below their pinnii^ in the low- 
est traTcrse, as seen below c d^ about 5 or 6 inches within the ball, in 
order to keep it properly flat in the pUne in which the pendulum 
should swing. In the middle of the lowest traverse ed, is pinned a steef 
rod ef, somewhat more than a quarter' of an inch in diameter, and 
about nine indies long ; this rod goes through the diameter of the baH, 
equal portiona being round it ; the lower end/is formed into a taper 
and sharp point as an index fijr the degree plate, fixed to the inside 
\mick of the caae, and forfour inches or so below the upper end; it k 
t^ped at that part which lies near to the centre of the ball. A thht 
cross piece of brass is fixed to the inside of the ball before filling it 
with lead, the lowest side of which is in a line across the centre hori-* 
sontally ; the ends of the two outer steel rods and the centre or inmm 
Kod, pasaeasily through this croas jiece of brass : ahoUow tube cornea 
up within the ball as far as the under side of the inside crosa fi9€$f 
an the end of which, where the cross piece and ball rest, is fixed with- 
in it a tapped nut, which screws upon the tapped part of the index 
md. On the bwer end of the tube is soldered a sort of flat conical 
bead A, milled on the edge outside, whose diameter may be an inch, 
or an inch and a quarter. On the upper surfiu^ of this nut are tra« 
ced two circles, in order to put divisons between them and figures, 
80 aa to correspond with the turns of the screw in an inch. A small 
steel index c is screwed on tothelowerpartof the ball to point at these 
divisioas ; the lower end of the tube is a little below the edge af the 
ball, that it may rest freely on the upper end of the tube. The total 
Iength,firom the upper end ^ of the pendulum spring to the index 
point f^ is 47.7^ inches, a length of radiua whidi will require the 
length of a degree on the degree plate, to be .833142 of an inch* 
The distance firom the upper end of the pendulum spring to tbc^ 
centre of the ball is 42.5 inches very neariy, so that the centre of 
the ball is about 3.3 inches below the centre of oscillation. The 
lowcrmoat traverse c d, may be about half an inch thick, and ita 
length and breadth such as to give it sufficient strength to receive 
the outside steel rods, and the centre or index rod ^ the uppermost 
traverie a fr is nearly of the same dimensions ; the'raecond Ibwer-f 
most traverse n, and the second uppei^ost, m^ are nearly of the 
same sixe, and almost equal to that of the uppermost and lowermost, 
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only they aie a little shorter, hai^ b tUbr ends a sort of half hok^ 
thiough which, in the seoobd lo#Gfaoet traverse, the outer steel roda 
pass ea^ily^ and through tbesi» in the uppenpost traverse, the out- 
side brass rods freely pass. This traverse is of course a little shcnrter 
than the second lowermost ; in the second lowermost traverse is jnn- 
ned th(^ eipda of the omecmost brass rods ; and in the second upper- 
W>8t traverse are pinned thoee of the innermost steel and brass rods v 
in the^ third Ipwest traverse is pinned the inacramit brass rods^ and 
tl^. 091^x9 iteel rod ; the dimensions of this are needy the aaiae aa. 
tjiei: second iqipennoet and lowermost, only shorter, having a half 
ho]fi at the e9ds» througl^ which the inner steel rods pass freely*. 
Jlm^ iA.a hole in eacKoC the two uppermost traverses^ thro»igb 
whKob thQ 09iti» sod parses, ficeely. Towarda the lower ends of tbia. 
stoel r9d». and those of the innermort brass rqda» ace two seta 
by wbilcii thfiihiid or upper of the lower ^avenea can be 
f^oved pr diifted uptfaoeee or six inches, should the compensatioB. b» 
fimnd in ozcesa. It would be convenient, when, shifting, to. have .a 
pi^aa simlar to tins tcaverae, and three spase pina ;. tbis.pieoe heiBg 
lilte. a half, of tliA traverse, it may then be ^plied to the thiee roda^ 
99d pinned, btift not to the place where the shifting is :tD- ba auda* 
This jnece willprefrent the rods, shifting away from one another, and 
wlU allow the tcaversq to ba moved, and fixed to the intended plmu. 

Two tlun pieces of faraas, pq, re, must be provided, having nine. 
^oka in them,.ae that all the rods can move easily through them; tb^ 
two. outermost being kept rather a little tighter than the othen; theaa 
pieces, are intended to prevent tremulous motion in the rods or pen- 
dulum» and are put at the same distance from the upper and lower 
traverses, as seen No* 70. The pendulum ball is composed of 
\WQ frustums of equal cones, the greater diameter is seven inches, 
the lesser four- inches, and the height half an inch,.giving by cal- 
Qulaljpn*. 24.34i74i cubic inches the weight of which in lead is 9-907 
Uk Thoball, when filled with lead, together with the outnde braaa. 
Aells and inside cross piece, w^j^bed 10 lb. 8 oa. The weight of 
Uta brass and steel rodsi tvaveiae pieces, pendulum spring, and Sop 
pieoe, he., was 5 lb. 18 oi. ; in all 16 lb. 5 os. Thedock to wliidi. 
this pendulum was put was a month one, and was kept going by * 
weight of T lb. 7 oz. We cannot help titiinking, that this penduhun 
appears to be better fitted up than either Cumming's or Berthoodfk 

The ihird lowest traverse being shifted up three indiea, them will 
tben be lUs quantity lesa finr brass and steel than baa bean befima 
atatc^ the ateel win be 86 + aiB^H- 87.688 + 3.]M--AslOQiMai^ 



diM, aad the kngetl Immm tods wty bt (■hes tt.as.40 +3i.6-> 
3ss66.99. Theu IcBgtIu and «^Meait» latM* inay be given thiu t 

Steel 109.568 incbea. ... log. &0396838 
lUtio 74^ .... log. 1.8699317 

3.9069109 

BMM 66J»iDelM^ ... kg. I.8S00100 
IUliol2l, .... leg. 2.0m7854 



«»W-"^^ 
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the datterenot in excess of compqpisMiaii is here extremely liide^ 
and M on the side gf the steel rods» bang scsfcely an inch too much. 
In taking into account the length of the rods^ those on one side aloog^ 
with the centre rod are only taken ; those on tjie other side serve as 
a Und of counteipoise, for giving an appearance of uniformity to the 
pendnhnn, and for prav e nting the wcjght of ibe^ pendulum baU ft^noi 
boidEng the rods which it would do wer^ they all on one side. The 
manner of compensation may be thus e^lained: The steel rods go 
downwaxda when expanded by heat* tnd the brass rods firom the like, 
caoae, go upwards, and thus counteract the eflect of heat on the 
length of the pendulum. A degree of oold will contract or shorten 
the steel rods ; this will tend to bring the ball of the pendulum up ; 
but the brass rods contracting at the same time, allow the ball to go* 
downwards, by which the effect of cold on the length of the pendu- 
lum is OQuntecacted ; so that whatever the temperature is, the centre 
of osdlladon keeps always at an equal distance firom the point of sus- 
pensioUji, and hence the length of the pendulum is constantly and in- 
vsriablj the same. The comparative lengths of brass and steel rods 
may be computed by any other expansive ratio than those of Ber- 
thoud; which we have used, such as those by Smeaton, or by that in- 
genious flutisl T^u^ton. Their differences wilt vary a little from 
Berthond^ but tl^ey will be very trifling. It will require long expe- 
rience to know which are the best founded, as the going of astrono- 
mical dodj may be affected by other causes which have no connec- 
tion with the compensation of the pendulum rod. 

A oonnderaUe time after the gridiron pendulum was produced, 
some adopted sine rods in place of brass^ wd firom their greater ezr« 
pansfliility, fewer were requked, three of steel and two of nnc beii^^ 
sufficient for the compensation ; but siidi of them as we have seen^ 
iqppesred to haye the aiiv: rods of a greater leugtt^ thwi tb^ should, 
have been, accordbg to the comparative expansions of sine and steel, 
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They had also a large cavity in the upper part of the ball for lodging 
the lower traverse, which took away much of the momentum or force' 
of the ball ; and the holes for shifting, being at the upper ends of the 
rods, rendered it very inconvenient to adjust the compensation. 

The following lengths should answer very well for a pendulum of 
this kind : The length from pin to pin, in the upper and lower traver- 
ses of the two outside steel rods, should be 27 inches, and 5 or 6 inches 
more beyond the lower traverse, to go within the ball, for the same 
purpose that was mentioned for one having brass rods; from 
the pin, in the lower end of the middle steel rod, which is in a tra- 
verse just above the lower one, to the upper end of the pendulum 
spring, should be 36.75. inches ; from the pin in lower end of the 
middle rod to the centre of thq ball, 4.75 inches, making in all 68.5 
inches of steel. The diameter of the steel rods should be .25 of aiL 
inch. In the upper traverse is a hole, through which the middle 
steel rod must . freely pass. The length of the anc rods, from the 
pin in the upper traverse to that in the upper of the Ipwer traversee, 
is 25.34 inches, and their diameter .27 or. .28 of an inch or up. 
wards : there may be holes put near the lower ends of the mid^ 
and line rods, for adjusting the compensation, like those in the farasa 
rods ; the ends of the upper and lower traverses must have half holes, 
taking in with the outside steel rods, pieces for preventing tremuloua 
motion, and the manner of fitting up the pendulum ball and r^plat* 
ing nut, &c. as has already been described for the gri£rbn pendulum. 
The lengths and expansive ratios may be put thus : 

Steel, 68.5 inches - - - log. 1.8356906 
Smcaton's ratio for steel 138 - - log. 2.1998791 

3.9766697 

Zinc, 25.34 inches ... log. 1.4038609 
Do. for Zinc, .373 - - - 1(^. 2.5717088 

3.9755697 

Pendulum balls composed of two equal frustums of cones, an edgo 
viewjof section of one of them is seen at S, No. 78, Plato XVI. 

In this pendulum, as in the gridiron one, the steel rods, when heat, 
ed, go downwards, and the sine rodis upwards ; it is the reverse when 
cold takes place. The zinc, which is used in these pendulums, must al- 
ways be understood to be that which is hammered half an inch per 
foot ; when hammering a bar or rod of sine, it is necessary to.hiiTe 
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it rtry hoi to ptevent it flying or breokiiig ; hammering makes it 
hafe SKxe CTpanaihility, but whether it expands as much as Ward 
makes ity remauis to be determined. 

EiliooifM Pendulum, 

Nol many years after Hairison's pendulum was known, Mr. Elli- 
eott, and some of the French artiste, contrived compensaticm pendu^ 
lams in different ways, most of them having the ball adjustable by 
lerers, whidi can never be equal to those in which the expansion and 
" Cnnlr a ctio B act by contact in the direct line of the pendulum rod« 
Mr. EUicott was a very ingenious artist of the old school, as appears 
Aofla aeveral of his works ; and his pradidum evinces great ingenuity 
m Its coBstructioD. 

ElKeott^s pendulum, shown in Plate XV. 71. consisted of two 
ban, one of whidi a b was of brass, and the other of iron or sted. 
He Cumming conceived, that where there were two bars only, a 
flexore and unequal bearing would take place, and, therefore, aa 
enct qmye ns atien could not be eflected. To remedy this, he con- 
stiueted the pssdnlum with two steel bars, and one bar of brass, 
as sliown in No. 3. Into the lower end of the brass bar ai, 
Nd. 1.. was let one half of the diameter of a small steel roller r, the 
other half being lei into a moveable brass piece, having two short 
arms 1, 8. These arms, by the levers m o 2, n o 1, moving round 
o as Ihlcra, make the roller press equally on the lower end of the 
brass bar. The steel roller marked r, has a fillet raised up on each 
end, for Ae purpose of keeping this part of the brass bar at an equal 
distance from the steel bars. The length of the brass bar a b should 
be 39.25 inches from the upper end which is square, to the lower eud 
which is rounded ; ite breadth three quarters of an inch, and ite 
thickness at least one-eighth of an inch. The steel bars are in 
lei^(th, finom the upper square ends to the centre of the ball, nearly 
wherw the short arms of the levers act on the moveable brass piece, 
about 8B.75 indies ; and the bars are left broader here, so as to be 
about one indi and a quarter ; and this breadth is prolonged below 
the end of the brass bar three quarters of an inch or more. The 
thidmess of the steel bars is one-tenth of an inch, and their breadth 
ihiee q^iarters. The back steel bar has no opening in it ; but the 
£ont bar has one, which is represehted in the drawing at A, No. 
S. In order to see the action of the levers on both arms of the 
nuveable brass {nece, a cavity s #, 71, is left for this purpose in 
^lebalL A piaoe of ^ass is inserted in the opening, so as to pre- 
'^wt dasi ftom gvtiiiif inta this part of th# pendulum. This broad 
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part of the 8t6el ban serves as a kind of frame, on which are acniwed 
.two pieces of brass of the same figure as the steel bars, to eoniMet 
ihem with that steel part of the lower end of the pendulum rodwhidi 
goes through the ball, on which is a nut and screw, and a strong 
double spring « « in 71, for the purpose t)f taking ofi^ somewhat 
of the weight of the ball, according as it bears too much or too little 
en the short .suns of the levers. The levers are shown at 71 vnd 
No. 1 ; the screws and lower end of the pendulum rod the nut 
N, and double spring S S, in 71. The use of the nut and screw 
is to adjust tlie strength of the spring, as they have nodiing to do 
In the regulation of the pendulum for time to the clodL, which ia 
done bjr an apparat«u for this purpose at top coimeeted with the pen* 
dulum spring. In the brass pieces which are screwed on to the broad 
part of the steel bars, the pivots o o of the levers turn. There ia a 
piece of brass put oo at tofp, formed so as to interpose a little muf 
down between the brass bar and the steel ones, keeping them at a 
proper distance fromone another. The aides near to the square ends 
of the bars and this apiece of brass are firmly pinned or screwed to- 
gether. It is in this'piece of brass that the lower end of the pendu- 
lum spring is fixed ; Ihe upper end being fixed to a piece, whidi is 
moveable up and down in a fixed frame by a nut and -screw, llie 
pendulum is lengthened or shortened according aa the pendnlom 
spring is let out or ^teoo^t within that part of the frame throo{^ 
which the spring passes. The bars of the pendulum axe connacted 
hy four or five screws, equal spaces being taken for their [dacea be- 
tween the centre cS the ball and the square or tapper aid of the 
bars. The back bar is tapped to receive the acrewa, whidi go 
through holes made in the front steel bar, to let them easify paas. 
On the shank or body of the screws are fitted hollow oylinders^ eidMr 
of brass or steel, and of suc*h a length, that when the sctewa are put 
home there shall be no pinching of the front steel bar by Aid head of 
the screws. Rectangular openings are made in the braaa bar, fiir the 
hollow cylinders to come through, whose length mvf beiaboat equal 
to twice the diameter of- the cylinders, and so that the brass bar may 
easily move on them, by any sTnall motion they may have in oontrad- 
ing or expanding. On each of these cylinden is put two looaa Imn 
collets or washers, one between each steel bar and the fanaa bar* to 
keep them ftee of each other. Their thickness should be at leaat jM 
of an inch, so as to allow the air to pass freely between them. The 
small hollow cylinders, through which the screws pass whan 
ing the bars, should go easily into the firont at^ bar^ the lo 
bearing on the intide of the back ated bay. Tfhm wgfmp fmmf 



XLLICOTT*ft PENPITLt'JI. S71 

ke above the surface of the front bar* fully more than the ihickneaB 
of strong writing paper, so that when the screw is put home, the 
Aonlder of it may not pinch the bar. The edges of all the bars 
should be chamfered off from each side, so as to form an angle in the 
middle plane of their thickness, lor the purpose of giving them a 
lighter iq^pearance, and making them less susceptible of the resist- 
ance of the air. The diameter of the pendulum ball may be seven 
inches and a half, and its thickness, at the centre, about two inches 
and a qoarter. In the edges, and in the line of the diameter hori- 
acmtally across, are placed two long and stout screws g g^ 71, 
whoae heads have graduated circles on them, and are near the edge of 
the ball, and an index t i to each. The inner ends of the screws 
shown at a «, are turned of such a shape, so as to apply by one point 
only on the long arms of the levers mn, as seen in 71. The 
ftoni ahdl of the pendulum ball is fixed on by four screws. It has 
been oigected by some, that, from the weight of the baD, the brass 
lods in a compensation pendulum are compressed, and the steel rods 
stretched; a matter of no moment whatever in our opinion. This 
maj^ however, in some degree, be remedied in £llicott^s pendulum, 
by making the brass bar of such a length, as to come through and 
Mow the lower edge of the ball, in place of the steel part, which was 
OMUMm to both steel bars, as has juat now been described. This 
part of the brass bar is tapped, having on it the nut and strong 
doable spring, which takes off a part of the weight, as has been no- 
ticed* A certain portion of the weight of the ball, will, in this case, 
bear osi the faEaas bar; supposing it one>third of the weight, the re- 
maining two-thirds will be carried jointly by the steel bars. Al- 
dboagfa the brass bar is here carried through the ball, it i» easy to 
pm a piece to it, moveable on a pivot in the middle of the bar, hav- 
ing two higs applying to the edges of the bar, on which the short 
anna of the levers m tt, may act, as was the case in the other by the 
Mvesbb brass piece. 

Things being in this situation, let us suppose that the bars com* 
poAig the pendnium rod are lengthoied l^ heat, and that the brass 
lengthens more than the same length of steel does ; then the brass 
bar a 6, by its excess of expansion, will press down the short ends of 
Ae levers ein, at 6, and consequently raise up the ball, which, by 
the aerewii a Sj rest on the long arms mn, of the levers ; and, pro^ 
vidbd ihe lends of the screws press on the levers at a proper distance 
fnm the centres o o, the ball will be always kept at the same distance 
Cbsm the point of suspension, notwithstanding any alteration the rod 
of Ihe peiUnhan miif expsrience ftouf heat or cold. What this 

8b2 
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tance ought to be may very nearly be determined, if the difference of 
the expansion between brass and steel is known ; for the pifopordon 
which the shorter arms of the levers ought to bear to the longer ones, 
will always be as the excess of the expansion is to the whole expansion 
of the steel. Instead of the brass heads of the screws being placed 
near the outer edge of the ball, they may be more advanti^^eonsly 
placed within the ball, at the distance of about an inch and a quarter 
from the edge, as shown in 71. 

See PhiL Trans. 1751, p. 479, and a pamphlet which Mr. Elli- 
eott published in London in 1753. For an account of the improve- 
ment made upon it by Mr. A. Gumming, see his Elements of Clock 
and Watchmakings p. 107. 

Smeaion^s Pendulum. 

Mr. Smeaton's compensation pendulum (Plate XV. 79.) consists of 
a glass rod A B, half an inch or more in diameter, and 45.5 indies 
long. To the upper end is fixed the pendulum spring ; to the lower a 
screw «, and regulating nut n. A brass tube or ring n^ of an inch or so 
in length, is put to move easily on the lower end of the rod, havinga 
fillet at each end, one bearing on the regulating nut, the other sup- 
porting the sine, iron, and lead tubes, which compose what may be 
called the pendulum balL The sine cylinder or tube is 1S| indies 
ui length, ^th of an inch thick, and fits easily on the glass rod, the 
lower end resting on the upper fillet of the brass ring. On the anc 
tube is put another of iron, 12 inches bng, and {th of an indi thick, 
easily moveable on the zinc tube, with a kind of bottcmi to it, in wlddi 
is a hole for the glass rod to go firedy through. The bottom is up- 
permost, and rests on the upper end of the nnc tube. Tlie lower 
end of the iron tube has a fillet on its outside, on whidi rests a lea- 
den tube of 18 inches long, and jth of an inch thidc, and whidi goes 
easily over on the iron tube. The outside diameter of the leaden 
tube will be nearly two inches. Although this pendulum will not be 
thought elegant in appearance, yet it is said to have answered tlie 
purpose of compensation very wdl. A section of the rod and tubes 
is shown at S. 

As glass does not snfier much expansion or contraction ftom heat 
or cold, it will be the more easily compensated. The glass rod AB 
ef this pendulum being supposed to lengthen in a small degree by 
heat, is compensated by a rinc tube of twdve indies and a quarter 
long, whose lower »id resting on tbelowsrendof the glass rod, would 
be carried down by the Isqgthenii^ oi^.tke glfssrod, bat the same 
dfme which produces this» viUiMke the sine tnbe sapanid tqpwssds^ 
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which will csrry up the iron and leaden tubes. The iron tube hag 
in this case its expansion downwards, and the leaden tube compeh- 
•ates thia by having its expansion upwards. 

RMCm PefiduiumM. 
Thia compensation pendulum (Plate XVI. 74.) is composed of m 
line tube A B, and three steel rods, a6, cd^ ef» In order to obtain a 
proper tube, the sine must be very gently fused into a bar about an 
inch square, and 24.25 inches bng, and the mould into which it ia 
poured should be upright, or nearly so. Let this be very carefully 
hammered to half an inch per foot, meanwhile keeping it pretty warm 
to pvevent cracking or breaking. Afier this operation, a hole is pier- 
ced straight through the bar, from end to end, and opened up by 
means of a clean cutting broach, until it is .450 of an inch, or so, 
in diameter. The outside may be turned down till it is .7 of an inch, 
or leas. The length should be 25.34 inches, the same as the linc 
Toda were taken at. The steel rods must be a quarter of an inch 
in diameter ; the length, from pin to pin, in the upper and lower tra<- 
▼eises of the two outside steel rods, c d, e/, 27 indies, five or six 
inches moce being prolonged to go within the ball. In the middle 
of the lower traverse m n, is piimed a steel rod g A, somewhat more 
than a quarter of an inch in diameter, and nine inches bug, which 
comes through the centre of the ball, which is fitted up in the same 
way in every respect as waa described for the gridiron pendulum. 
The steel centre rod a6, goes up inside of the sine tube, from a pin 
in the kwer^end of it, which is in a traverse a very little above the 
lower one, its length, including the pendulum spring, is 36.75 inches ; 
from the jun in the lower end of the centre rod, to the centre of the 
ball, 4.75 inches. A hole in the upper traverse o p allows the centre 
nd to pass^freely through. The bwer end of the tube rests on the 
traverse gjr, in which ^e centre rod is pinned. The upper traverse 
bears on the upper end, both traversea having a part turned from 
thcDiy about one-tenth of an inch in height, and of such a di a m et er 
ss to go into the ends of the tube, for the purpose of keeping it to 
its proper place. The distance from the centre of the holes in the 
upper and lowerjtraverses, about 1.25 inch, which will be enough to 
luke the two outside steel rods stand dear of the sine tube. A thin 
Iiiece of Jbrass, with three holes in it for the outside sted rods and 
tube, might be put half way between the ends of the tube, to prevent 
any bending, or tremulous motion, a thing, however, not likely to 
take place. It would be proper to have a few holes in the tube, for 
the purpose of admitting air more fredy to the centre rod. 

SsS 
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The centre steel rod a 6, when lengthened by beat, will make the 
lower end B of the rinc tube, (which ig supported by the lower end 
6 of the steel rod a 6,) descend with it ; but the same cause which 
lengthens the steel rod a h downwards will expand the rinc tube A B 
upwards, and this will carry up the two outside steel rods with which 
the baU of the pendulum is connected : their expanrion downwards, 
as weU as that of the centre rod, is compensated by the upward ex- 
pansion of the rinc tube. The length of the steel rods and of the 
rinc tube, has been shown to be in proportioh to their expanmve ra- 
tios. 

It is about fifteen years rince we contrived and made this kind of 
compensation pendulum, which seems to do very well. The follow- 
ing is of another kind, but we never had it |)ut in execution, although 
there is no doubt but it would serve the puipose extremely well, not- 
withstanding the risk arising from the brittleness of the glass. 
Provide a white glass tube, AB, Plate XVI. 7$, whose outside diame- 
ter is 4ths of an inch, its inridc diameter ^ths, and its length 54 inches. 
Such a tube may be supposed e^al \% sttength to a solid glass rod, 
and will be considerably lighter. Make a rinc tube DE, firom a square 
bar, hammered, &c. in the same way as has just now been directed, 
its length being 16.3 inches, and its iiridc diameter ^ths of an inch, 
or as much more as will allow it to more *fre^ly tip and down on the 
outride of the glass tube. If the thickness of the rinc tube isftli of 
an inch, it ought to answer very well ; if it is somewhat thicker, it may 
answer even better. There must be a core of brass fitted to each end 
of the glass tube, ground gently into the glass, and fixed in by some 
of the lime cements. To make the fixing more secure, a hole might 
be bored through the tube and core, about half an inch from each 
end of the tube, and a copper pin put through them. The core in 
the lower end must have a small cylindrical piece, or wire formed 
ftom it of .3 or .4 of an inch in diameter, stretcfiing 1.5 inch beyond 
the end of the glass tube, and tapped for the nut inride of the rinc 
tube to work upon, llie regulating nut D should be under the pen- 
dulum ball r, yet a little free of it, as it would be difficult to get at it, 
were it placed near the lower end of the rod. Tlie core at the upper 
end has also a part of the brass, a little way above the end of the tidbe, 
for the purpose of fixing in the pendulum spring. The rinc ttrbe 
goes up to the centre of the baU, which rests on the end of it ; the 
lower end, having the tapped nut in it, bears on the regulating screw. 
. The nut may be either soldered into the tube or not, provided it ia 
fast there. As both the glass rod and rinc tube are round, and go 
through the ball, it will be requirite to have Mflnetbing to keep Ae 
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ball lo itf pioprr swinging poeitioD. For thif pnrpoee, let t braat 
lube of an indi aiid e h«lf in length, be fitted strongly spring tight 
CD the gtaat rod, and put on above the upper edge of the ball. To 
tbe lower end c£ the brass tube or socket is fixed a traverse piece, 
iirto which are fixed two steel rods, a quarter of an inch in diameter, 
and six inches long. These go within the ball, in the same manner 
as the lower ends of the outside steel rods in the gridiron pendulum. 
The distance between tbe holes in the traverse should be 3 inches, 
that is, each rod should be distant outside 1.5 inch from the centre 
of the glass tube. When the traverse with the spring tube is once 
set, so that the ball may have its proper position, it cannot be easily 
altered* The length taken for the sine tube is rather in excess fit 
the compensation of the glass rod, and should it be found so, the 
lobe can readily be shortened. S is also a section of the ball of the 
sine tube pendulum, glass tube pendulum, and wooden rod pendu- 
lum. 

The glass tube having a length of 54 inches, will, when expanded 
hj heat, carry down with it the sine tube, whose lower end rests on 
that of the glass tube. The centre of the ball of the pendulum, rest- 
ing on the upper end of the sine tube, will expand upwards from the 
same eaase which lengthens the glass tube, and, by this means, carry 
the ball of the pendulum up, and keep the centre of oscillation al- 
waja at tlM same distance from the point of suspension. The length 
at the glass tube rod, and its expansive ratio, will be found to be in 
just fopor ti on to the length of the sine tube and its expansive ratio. 
Ab tbe glass rod is not very tit for the pendulum fork to work on, 
liiefiilloving apparatus is proposed, and has been found in other cases 
to imswer the end as well as could be wished. See Plate XV. 73. 

A A is a hcUow cylinder of brass 1.5 inch long, which fits the glass 
lod rather more than spring tight. It is made a little thin near the 
I, and at the midiUe it is left thidc, having the appearance of a 
ring, a^ a^ Oy a, formed on the eylinder, into which are fixed 
tne :pivats p, p, m piece of brass not very thick, .3 of an inch broad, 
bsing bent up nearly in a bow form, as at B, B, having a small hole 
at each end, A, 6, to receive the pivots p, p. One of tbe ends must 
be screwed on, in order to get the pivots more conveniently into their 
At the end or middle of the bow is a solid or round knob at 
C, in which is a hole tapp^ to receive the screw D, the head 
of which is milled on the edge and sunk on the outside, to receive 
the leond flat piece of brass E, which snaps easily in like a barrel 
cswsr, andis not left so tight but that it may be easily turned round 
AiiB.]^eQS, witbom 4my risk of GoauDg out, and sui^med to have no 
akdbejeBtWMds. late the pi^ce E is fixed a piece of brass, havbga 
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hole in it to receive the pin of the crutch. Two views of this piece 
are seen at F F. When these pieces are all comlnned to act in their 
places, it can easily be seen, that, by turning the milled head of 
the' screw D, holding the piece F in its front view position, the crutch 
pin will be made to move out or in, according as the screw D is 
turned, by which the clock will be set on beat, to a degree of nicety 
. which is not easily obtained by bending the fork or crutch shank; 

There are other' modes of putting a clock on beat, but they gene- 
rally consist of an apparatus for that purpose, carried by the crutdi 
or fork, which is a load on the code pivot. The one which has been 
described, has the advantage of being supperted by the penduhim 

tod. 

Troughton's Tubular Pendulum. 

Mr. Edward Troughton's tubolac pendulum, is a very neat aad 
ingenious one, in every respect worthy of that celebrated artist, to 
whom science is so much indebted for the great perfection to whidi 
he has brought the dividing of astronomical instruments. Having 
a good opinion of the pendulum, we shall give.it a place here. See 
PkteXVI. 76. 

- This pendulum, Mr. Troughton= says, in his description, is, 
^> drawn to a scale of oiM»-eighth. -of the real dimensioiBs, . ex- 
hibits the shape of the whole instrmnent, in which the parts 
of action being completely concealed from view, it appears, ex- 
cepting the usual suspeneion' spring, to be made cf solid brass. 
This figure gives a front view of the poididum. The finn of 
the bob is used more on' account of its being easy to make, 
and sightly, than from any other considerations ; it is made of (me 
piece of brass, about 7 inches diameter, 2.5 thick at the oentie, and 
weighs about 16 lbs. avoirdupoise : the front and back* surfiMea are 
spherical, with a thick edge or cylindrical part between theni. The 
apparent rod is a tube of brass, reaching from the bob nearly to the 
top. This contains another tube and five wires in its belly, so di«» 
.posed as to produce altogether (like the nine-bar gridiron of Bani- 
son) three expansions of steel downwards, and twa of brass npworda ; 
whose lengths being inversely proportioned to their dilatation, when 
properly combined, destroy the whole effect that cither metal would 
have singly. The small visible part of the rod near the top, is a biaaa 
tube, whose use is to cover the upper end of the middle wive, which 
is here single, and otherwise unsupported. 

" Reckoning from the top, the first action is downwards, and am- 
sists of the spring, a short wire 0.8 diameter, aad a long wire 0.1 
diameter ; these all of steel, firmly coniiected^ reach dowm within an 
inch of the centre of the bob, and Occupy the middle line of thecdhole 
apparatus. To the lower end of the middle branch ia fiutened the 
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Wwer end of the interior bran tube, 0.6 in diameter, which tend* 
nntei m little short of the top of the exterior lobe, end producee the 
fint diletetien upurttds. From the top of the interior tube depend 
two wires 0.1 diameter, whose situntion is in a line at right angles 
to the swing of the pendohim, and reach somewhat lower than the 
attadMd tabe itself, which tfaejr pass through without toudiing, aad 
elbct the second expsnsion dowarwaids. The second action up^ 
wards is gained by the exterior tube^ whose internal diameter just aL 
lows die interior tube to pass freely through it; its bottom isconnect- 
ed with the lower ends of the last described wires. To complete the 
cwnection^asecondpsirof wires of the same diameter as theftnnery 
and ood^ying a position at right angles to them, act downwards^ 
reaehmg a little briow the ezterier tube, having also psssed througii 
dm intseior one without timdwng sither. The lower ends of these 
wires are Cmtened to a short cylindrical piece of brass, of the saaM 
fiameter as the exterior tube, to which the bob is suspended byits 



^* No 1. is a fiin siae section of the rod, in which the three eoiU 
€SBtrie= cirdes are designed to tqprasent thi two tubes ; and thi 
leelBBgiihr position of the two pair of wirss round die middle 
an shewn by the five small aides. By copying this anang*. 
from the dagant construction of yomr own half eecondi peodtt- 
lam, fmL Jcmmal £n August i709») I nToided much trouble^ 
wUdi must have occured to me, unless, indeed, I had been impelled 
on the same idea, by the difficulty of contriving the five wires to act 
aD in a row, with sufficient freedom and in so small a space. 

*^ Nob S. exphdns the part which doses the upper end of the 
interior tube : the two small cirdes are the two wires whidi depend 
from it, and the three hurge cirdes show the hdbs in it, dnoui^ 
which diemiddle and other pair of wires pass. 

**- Nou & is designed to exphun die part which stops up the 
bottom of the interior tube; the small drde in die centre is 
when die middle win is ftstened to it; the odiers the holes fir 
the odier four wires to pam duough. No. 4. is die part whiA 
doses the upper end of the extenid tube; die large cirde in 
the centn is die place when the brass covering tat die nppeir 
pert of the middle win is inserted; and the two small drd^ 
denote the fistening tat the wires of the last expansion. No. 5. repr»- 
smu the bottom of the exterior tube, in which die small cirdes show 
die ftolemng places tar the wires of the second expansion, and tha 
laiger* ones the hdea for the other pair of wires to pass dnmq^ 
• '^ No. A is a eylindricd peei of brass, wUdi Aowa-lnrw iSm 
loww endb of die wine ef diiihMf Ait^hildW' aAf BSkuOi' ait, aiid 
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the hob itt the imddb n th«t iphcrebjril b pinned to the oentce of 
the bob. The {kstaaag of the tippcc ends of the two pair of vixes 
U done by Borewing them into the pieces which stop up the ends of 
the tubes : but at the lower ends they are all fixed as represented 
by No. 6. I have only to add to this description,, that die pieces 
represented in Noe. 5. and 6. haye eadi a jointed motien, by means 
al which the fellow wires of each pair would be equally strotched, 
4kboHgh they were* not exadly of the same l»g^h. 

^^ In the tKpfKMm thus oonnected^ diemiddle wire will he alxetcb- 
ed by the weight of the whole ; the interior tube will support at its 
Icqp.ilhe whole swsept the middle wire ; the second pair of wires will 
M atiatdied by |il eacept the middle wire and in^etior tube ; thees*- 
Imor tube supports at its top the .weight of the second pair of wires 
end: the bob^ and tiie adcond pair- of wires are strstdied I7 the wei^^t 
•f the bob only » 

.'^The first pendulum whidi I made of the tnbnlar Und, had only 
three steel wires, and one tube above the bob ; that is two expamdons 
dcnm mad oneup ; and the quantity /which one of bosss ftUs short, 
lejooarwct: tiro afotsdj was oompf miarrd for by oKtending those himndi* 
ehAf the tod Uow the bob, and^ bringing up an esOemalitiihe to 
^idi the bob was affixed. Thieref is an awkwardness in this caa^^ 
4llufiiaon^ lowiag te the sod reashing about 13 inches below die lower 
Hi^ ef Ibe bels i>tbexwsie it is not inferbr to the. one fiest d0«- 
Mfbfd.'^ . - . . . 

Wisr^JB .JRmdulum, 
,.\i^f9A of^bwpcH^ul^un^ijipsrtqf two^,<^ of^teel^^^nd one 
R^mfv f fWUfCt^ jtqgpthipar ly 4kif^ SPfss^ a^^^own in J^lgt^^^Wh 
77||,li(^ 1« ^o^^^^^jEj^df^ view of the|iei(4ulum ro^ wfa^i^ tbe.harp 
are together ; « AA, ii,".^ys .^4r. Ward* '';f^P:two |at ijojU or .IMp 
ff^r^v^ abput 9n e^l^h^yf ^ inqhdiic]^^ ij|p jsaitMurof^iWiinter- 
fioaed 4)etweffl^ tjiem, ^o^d ia near^ a qufur^ .of jUA dnc^ jthick. . Tht 
f^p^^ffi.pi i^,^x(m.J^an^^ ^jfifhs^ they iqsy onee^iTith lee^ 

^ t s t iS Qce f&m tbejur; and it likf^v^^ g^^^f ^1^^ 1^ Dmcjh [Hghter 
jK^peanwce. Thesp harsiarfi .i^t jtogethfpc bgr three sfreff^ ^ /» ^ 
^ich p«BB tjtiivo^g^ oblpi^ li^lesr^i h A and k k, ai^ pcrewi,iato sji 
^e bar hhi^ oonnacted ;to the one A.A by the scc^ sfs^ ^hic\k :ip 
StiUf^ t^e ^jimiQg sGcew. This ^crew is t^gp^jfft^ k h^ i^nd .pas- 
jp^ -barely through. ^;Acf; Jn^i.that partof the scsew wluK^i enparuk k 
jits threads turned off. This bar i i 1^ fi sl)ei|jLder.if|b ilp fipper 
, tpsn^ ^ }?g}ftM^x^^'}m^ at'the top i^ithe^sm .faiir kkf 
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Mfb WW tt eath far nqMurtiely. No. 6l thowv dM titt side of tM 
awe Imp. No* l^ris a ftott naw of the pendoham rod vben Nvewid' 
togttbar. Tke iMM* luii^ the mum mftrence to the diflhreni ii£* 



Hie Aont imA baf heiag leagtbcned by beat, and having He 
faaaigD downwavde, will cany aloag widi it the einc bar, wbrne low«|^' 
end is iUfi p^ te d' by a ecrew ia the firbbt bar ; the me bar in thig' 
eaee wifthaf^ita eipanskm upwards, and carry ap die baeketeelbafi* 
wiioiefipper end veau by meam efsfcaee onthe wpperead of thtt- 
aac bar« The: pendulum ball bang4 to the; lower part 4if the badk 
steel baTf adiic^ has its expansion downwards ; but the two expan- 
siens .downwards at the steel bars are compensated by the upwaid 
eqianpiiiii of iha sine bar. 

Mr. Ward's pendulum must be allowed to be a very excellent one, 
as it peaaoises the advantage of permitting the compensation to be 
leadilgr ami easily altered. The description which Ins been gisien of 
b in tha.Tzansacftions of the Society for the Encouragement of Arts, 
he. for •Aa year 1807, and in the pamphlet which Mr. Ward pub- 
lUKddtnhadfinaia 1808, tntatn auftetent dstMla la enabk any 
eonattoa abekmaker (x> copy it. Wie hata only 4o add, that tbsiDd- 
should be a spare screw, for shifting the onaaf an nation, and that Vtmi 
eoawa omabotfiig the two atedi bare and thto imic oa» aheuld mb¥n 
en any aeosual be moved. It wilt be fimnd at great adi^antagw tk 
have a spate screw, wUdi asay be put into that fdaoe which is sop: 
poebi leqiiisiaa la correct the compensation ; and then release the 
one auppcaed to be, where the oeaqpeaaalioa is thoi^t too nmch ar 
tea UBlde. Oar experienoe with it aoan lei l» to this contrivanoaa 
Httviag made one of tiieae |»iid«hwns, we shatt now give an aceskidk' 
^tediaiensbna, be ThedistanoefitDat theapperpartof thepew^ 
dnkan spring io tbeonrtreef the bail, is 40l75 inobea; and to dm 
lew«a atid<ef the front sled bar, » feet U^ inehea. Fiam die up* 
jM* end <€ ibe ainc bar, where thebaek bar of steel rests or hangs ony- 
l» die eenm of d^ ball, is 8 fiMt>6;85 indies. Hie steel imm urn 
fiirged horn east steel, and aimeiled; jdieir breadlb is three rpiaHaih 
ef an indi, and their thiAness about one-tenth of an tnch. TUi 
I rn gA of the sine bar is 91^6 indbes ; iaad tu thidbieas a KtHemeaa 
diaar two^tenths of isn inch. The centre ef the ball hspogs en theeml 
of the 4aiba<of the vegulating nnt, whiereit was tapped, to work onita 
eorrespending saresr, made near thelowiv part of d)ebackiin,fotdw 
ed hetw into a romid rod, the lower end of whidi ia a point,, cor nm 
dax,toagradaatadpbtefixedtbdieiiaekiiftbecaae, and 5:85 i». 
dies bdow die centre of die ball. "Bmmwiffi^t^itam bal is ISA^ 



390 WABJO^t rSM]>ULUM. 

3 01. ; that of the sine and steel ban, nut, pendulum spring, and 
connecting acrewa, S lb. 13^ oi. ; weighing in all nearly 16 lb. In 
mftHT*g up steel bars or rods for any compensation pendulum, it is 
proper to heat or Uue them after they are finished, which will dia- 
pel whatever magnetLsm they may have acquired in working them 
up. llie line bar of this pendulum, when brought near to the length 
of oompensaticm, was about 21 inches.. Taking th^ length of steel 
to be compensated by this, at 61.76 indies, we may find what the 
compensatjon of the ainc should be, if the steel is rightly taken at 138> 

Steel in xnches 61.75 - - - kg. 1.7906370 
Ratio 138 . . . ^ . kg. 8.1398791 



8.9305161 



Zinc in inches 81 - - - log. 1.3888193 

Ratio 405.7 - - - leg. 8.6089968 



8.9805161 
. The esq^asaive ratio here is gmatcr than 873, aa giyea by Mr. 
SmeatoQ ; but is not equal to 480, aa given by Mr. Ward, from 
triala made with his pei^ulum. 

'i The three sine penduluma whidi have been described, hsve each 
their peculiar p wyer t iee. The ainorods ofthegridirei^oiie are very 
trtnUesome to make ; but they are more exposed to the air or to 
changes of temperature, are eaqr to adjust by means of the ahorteat 
travme, and the sets of boles which are ia them and the centre 
rod. When this pendulum ia well executed, it ia perhaps the beat 
dF:the lliree. The one with the ainc tube is the strongest, the bear- 
ing on it bring more firm and direct than in rither of the other two, 
only it haa no meina for adjusting the condensation, nnleas by shorten', 
ing the tube firom time to time, aecording aa the excess of its com* 
pensation is shown. Something might be contrived to adyiDUt it, with- 
out taking it firom ita place, but this would be too complicated ; ao 
that die shortening of the tube by degrees ia rather the better way. 
Ward^s ia much more easily made than the other two. Those who 
use. gridiron pendulums should have a half traverse, with thre^ pins 
on it, rimilar to the shwtest one in the pendulum, which will be 
fimnd very convenient, wheii it is necessary, to shift fiir com|tosation. 
The half traverse and pins should be put into the holes, where the 
tniveone in shifting is not to come. This will keep the pendulum 
rods in their places, and serve in the same way aa thfe spare acrew 
ptoposed Son W^ardVpendnlnm* 
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Ekomboidal C^mpetumiian Pen dul um. 

A greal many yean ago, an old clock waa pat into our hand% 
vUdi had been made in thia ooontry, having a pendulum of tbia 
kind, conaiating of aeren or eight loienget or rhombi, with diagonal 
bare to each, eo aa to make atortofoompeniationtothependidamrod. 
It win readily be teen, that when heatdiould elongate the aides of the 
ihombty it will also ehmgate the diagonal bars, and cauae thdir enda to 
pieaa againat the internal and horiaontal angles of the loiengcs ; by 
dua, the distance between the vertiGal anj^ will be kept inTariably 
the same, and the centre of oscillation will be kept oonatantfy ao. The 
eflbct of cold on the rhombi or loaenges will be in the reverse order ; 
and if there is a due proportion between the length of their sides and 
dial of the diagonal bars, it is likely to compensate the effects of heat 
and cold on the pendulum. We shall haaard a proportion : say, Ibr 
the length of the diagonal bars about six inches, and the ilVfiift 
bet w e e n die vertical angles about five inches and six-tenths of an 
indi, the number of loaenges being seven : experience alone can beat 
delennine what these measures and number should be. A compen- 
sation pendulum rod of this kind was certainly an ingenioua contri- 
vance; theidea, tae presume, seems to have been taken from the £siai 
of the tongs used by the Hollanders, when taking any live pitoe of 
burning coal or diarcoal to light their tobacco pipes with. A gnal 
olgection, however, to this kind of pendulum rod, is, that theve ava 
too many points of oblique bearii^ in it. 

Some of the French artists have lately proposed to have one la^ 
aenge only, which would surely be unsightly, from the great length 
diat the diagonal bar must have, ^md the clock-case much distorted 
to contain such a pendulum. For more on this subject, see the A^ 
pendix to the nine^-second vdume of the Monthly Review, or Umm 
vL Jrchives de$ Dieauvertes. 

On ike Wooden Pendulum Rod. r 

The wooden pendulum rod does not come under the dass of AM 
wUdi have just now been described ; nor can it be supposed equal 
to any metallic compensation one. Having a good opinion of it, 
however, we put to trial one of them made of a very fine piecefof 
itraigbt-grained deal, that, for the purpose of seasoning, had beasi 
kept for five years near a parlour fire, which was almost c o nstamf y 
lighted throuf^ut the whole year. The rod, whta dreised up and. 
fitted to the ballf and the pendulum spring put to it^ waa wrdl vatf^ 
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On the upper end of the screw, the lower edge of the pendalum bdU 
rests ; and when moved up or down by the screw, the nuts w, a, are 
screwed against the brass piece 6 2, in order to keep all fiut. . 

The adrantages which this pendulum possesses, are yerj obvious. 
The whole of the momentum of the ball is so near the centre, that it 
maintains a very isteady motion ; and should nnj lengthening or 
shortening of the rod and steel wires take place, this will in some de- 
gree be oompensftted by the ball. Should they lengthen, the same 
cause will make the centre of the ball get upwards, the edge mean- 
while resting on the end of the regulating screw, andvice versa, A 
piece of flat brass is fitted and pinned into the upper part of the rod 
C C, as seen in the drawing. In front of the rectangular hole misde 
in this piece. of brass.to receive the crutdi pin, a part of the wood is 
taken away, in oirder that the crutch with its pin may get as near as 
may be to the piece of bcasa. The piece <^ brass in whidi the lower 
end of die pendulum ^ringis, is fitted to the top of the rod^ having 
two pins through it, to make it fast there. The upper end is fiud 
to a piece, of brass, which goes on a sted arbor, having ^vots torest 
osi a cock, and turn fredy on it, so that the penduhmi may take, its 
|dumbrline'when hung on. 

It has been observed by some calnnet-makers, that firom drawers, 
whose sides and bottom were of cedar, there issued efflnviae, that in- 
spssated the oil at the locks, and thickened it so much, that the locks 
became of no use till they were taken off and cleaned. ' 
. Pendulum rods have sometimes been made of cedar wood, and are 
objectionable on thb account, as the oil at the pivot holes of the 
elock becomes thickened by it. Perhaps if pendulum rods of cedar 
were strongly varnished, this might deprive the wood of this inspis* 
sating quality. 

It is of the utmost importance to have the pendulums of docks 
wdl fixed at the point of their suspension ; and the code to which 
they are suspended should, at the same time» be strong and firmly 
fixed to the wall of the place where the dock stands. This reqairea 
to be particularly attended to in turret docks, and still more ao in 
dodcs intolnded fbr astronomical purposes, lliese last ought to be 
placed upon an iron bracket, strongly fixed to as massy a stone pier 
aa can possibly be got into the place where the dock is to stand. We 
have had an instance of a pendulum which was so well fixed up, that 
there did not iqypear a possibility of its being made any firmer^ or 
that the motion of the pendulum could in the least aflEect the oock 
and suspension, yet the arc of its vibration was a litdA.increased9 after 
having flMde considerable exertions to put farther home the 
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fcc conoenied with the fixtures of the cock and the suspension ot 
die peadohim. The arc of vibration did not exceed two degrees on 
flMfa side of the point of rest, so that its motion, or ce&tnfugal forcoi 
could not be veiy great at the point of suspension ; yet small as this 
face waa, it is dear that it was sufficiently great to affect the cock 
thete^ aa this cause made the arc of vibration of less extent than when 
the aoflpcnsion was afterwards more firmly fixed. We have suspend- 
ed the pendulum on a strong brass cock, which was either rivcttcd 
or screwed to an iron plate. This iron plate was screwed firmly to the 
wall, the back of the clock-case being between the plate and the wall, 
and sometimes a notch was left in the pillar plate to receive the end of 
the biaas cock, bj which means the clock frame, and the pendulum 
Mupension were made to keep together as nearly as possible ; and 
when every thing here was so far adjusted, a strong screw with a 
s^oare head was put through the cock, binding it and the pendulum 
tep-*piece firmly together. Another way is, to have two brass sup- 
pdrta ac rewed on to a very strong seat board. These supports may 
he about one inch broad and half an inch thick, and in height about 
m inches more or less, according to the height of the bending of the 
pendnluin spring above the seat board. Each support has a strong 
sod broad sole, and these soles have a stout steady pin to go into the 
•eat board, which is screwed from underneath the seat board, by a 
Strang iron or steel screw, fast to the upper side. The sup])orts at 
the top incline a little towards each other, and a thick and broad piece 
of plate brass is screwed to them behind, so as to connect them firmly 
together. '1 he upper ends of the supports are made level, and pa- 
rallel widi the soles and seat board. Across these ends is made a 
triaogular n6tch, to receive the pivots of a piece of steel, to nchich the 
pendulum is suspended. By means of these pivots the pendulum 
tarns, so as to hang freely in a vertical position. Tlie distance be- 
tween the ends of the brass supports at the top need not be more than 
tvo inches^ while at the bottom the distance may be four inches, or 
Hot qmte so much, the inclination being about ten degrees or so from 
the perpendieular. The piece of steel should not be less than half 
im inch thick at the middle, where it should be circular, and about 
three quarters of an inch broad. In the middle is a hole of about 
three-tCBths of an inch in diameter : the two conical arbors are form- 
ed from the circular part, so as to be in a line with the diameter of 
Oie hole. The pivoto of these arbors, which turn in the triangular 
MOUheBrmtsj be about three-twentieths of an inch thick. In the hole, 
wUch ia three-tentha of an inch wide, is fitted a steel pivot, having a 
dMdisr M the under fcidei whidi omes so far beyond the upper si< 

Sc 
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m toidmit attoiitlvass coUettob^pianod on it,a»d aganst tho uj^pov 
flat side of the circular part, besides a sort of screw head on the end^ 
with a slit in it, by which a screw-driver can* turn it abont^ ao thai 
the pendulum ball may be made to stand in the plane ik which it 
ought to swing. From the shoulder, below the dreufaivpavt of tho 
steel piece, to* the lower end, may be an inch long. To this di^pat^ 
dulum spring is fixed. This, in some respects, is a very coQTenient 
mode of suspension, but we do not think it so strong and so firm «b 
Ae other. 

When the astronomical dock, formerly mentioned, whidi goes six 
weeks without winding up, was ^nned, care was tak^ to hare the 
weight kept at as great a distance as possible from the pendofan ball) 
as we conceived that the attraction of the weight would disturb the 
vibrations of the pendulum. This idea, which appeared to us new, 
had occurred, we have been told, long before to several very aUa ap* 
tists and amateurs, such as Ghraham, Harrison, Lord If aodesfleU, 
Sir George Shuckburgh, Troughton, and others. In Ae coorae of 
our triab with the clock, the arc of the vibrations of die pendulua, 
when the weight came aa hit down as the baH, was observed to sufier 
a sensible diminution, and this waa imputed to their mutual attrae* 
tion. Upon mentioning this afterwards to one or two persona, sup* 
posed to be competent td ju^ in an aflhir of this kind, they enter* 
tained some doubts respecting this explanation of the fiurt, and 
thought it might probaUy arise from some motion communicated to 
the air by the swinging of the pendulum. Without making any expe* 
riments in order to examine the action of the air on the motion of the 
pendulum, an account of the fact, which was ascribed solely to attrao* 
tion, was published in Nicholson's Pkil, Jour. Oct. 1818, vol. Tniii. 
octavo series. Soon after this, Mr. Esekiel Walker of Lymiy in a 
piper published in the same Journal, endeavoured to show, that tha 
cause of this disturbance of the pendulum, (which he saya had bean 
known to him 30 years before,) arose from the motion of the air oeai- 
nunicated by the weight to the pendulum, which is certaiidy did, aa 
we soon afterwards found from one or two experiments, whidi did not 
occupy much time. In a paper of Mr. Wdker*s, in NicholaovA PkiL 
Jmr. for May 180S, vol. it. octavo series, pi 76, entitled^ ^ Methods 
for diminishing the irregularities of Time-pieoes, arising fta» 4ifllBi<^ 
enoes in the arc of vibration of the Penduliini^^ be has assigaed ana- 
tit causes for the changes that take place in thearcaof vibration^aBd 
pacoposed Afferent methods to prevent them. But tto woliaa w hat av a e 
if taken of the motion communicated to the airby thependnlom* M. 
Berthoud mentions, in the first volume of his JEsaai, tmhlilfcstl m 



1783, No. 64S, ihat tbe air p«t ia aotioii bjr the vibratiiwu of tbo 
IMldiilinii^ acta i^gainat tbe weight of the dodc, to u to sot it in bm& 
tiin; mm! ibM thai will in itt torn gradually diminuh the motion of 
tlM^ pHMhibiw VBtil it slope it altogether* Thii takes place most 
leadily whe« the wei^t hangs by a single line than when it is sne-i 
peQde4 hy • pulley ai|d double line. This fact, it must be oo^t^ 
ft ea ed, had eidier been overlooked by us, or had entirely escaped ou^ 
memory. Month docks, ftom stopping frequently, have long beeA 
veiy treublesome to dockmakers, who no doidit assigned for it a dif^ 
fynot causefrom the true one. In the old month docks, the weis^hti 
an very large and heavy, and the asomentum of the pendulum very 
msall, so thai tliey were ea^tremely UaWe to be stopped. But in clooka 
when the pcniduliim has even a considerable momentum, this agit%. 
tieaof the air will be suffident to stop them altogether. 

Having been tailed upon to evamine a good astronomical r^oli^ 
tor of GfablOaX which had stopped, ' sind which belonged to a noble.. 
ma« in ik^ neighbourbood of Edinburgh, we informed the man who 
naaeent to putllin ordftr, that bo woold find the weight opposite la 
tlio pspdnhun ball ; which was actually found to be the case. In 
gsnaal , all moq^ clocks will be observed to stop under simiUr diw 
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CHAPTER XIX. 
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\.iS9n^poth]f , qr Mutual Actum of the Pendulums of Clocks, 

itia M# nearly a c»itury dnoa it was known, nay. it is muod 
bngie, finr this was known even to Huygens, and has been dh 
asrved by many since his time, that when two clocks are set agoing 
on the same sheU; they will dislorb each other ; — that the pend»« 
hmi of the one will stop that of the other ; and that tbe pendii#: 
Un vUch mm atopped will, after a while, resume iu vibntionip. 
and in ilstem atop that of theother dock, is was observed by the lata 
Ifer. John ElBcott. ^ ben two doAs are pUeed near one anothevr 
mkom cases am very slightly fixed* or when they stand on the thinL 
bsnda ofa floor, it has been long known that they will afiect a litdf 
the nmtieas of each other's penduhuut Mr. EUlcoU observed, thK 
t#o docka resting againat the sami rail; whidi agreed to a second fci^ 
snttidldayri, Varied rse^f^ in 04 houtaidbensep|lralad« The sloiv* 
hnring a kaiger paidulum, set die other in motion in I6| minqisiH 
and atoimed iladf in 3ft} minutea. Ilnaver could have bo« mpp^ 
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sed, however, that when very strong fixtures were made^ it was pos- 
sible for any thing of this kind to take place. About ten years 
ago, in a room where astronomical clocks were placed under trial, 
two strong deal planks were firmly nailed to a tolerably stout brick 
wall or partition, the ends of the planks being jambed between the 
adjoining partitions. The planks were 6 feet long, 6 inches broad, 
and l^ths of an inch thick. One of them was placed behind the 
suspension, and the other behind the balls of the pendulums. The 
pendidums were suspended on strong massy cocks, partly of brass 
and partly of iron, which, with the backs of the cases, (one of which was 
of very hard oak,) were firmly screwed to the upper plank, the middle 
of the cases to the lower one, the bottoms being free and independent 
of the floor. Two clocks, whose pendulums were nearly of equal 
length and weight, and whose suspensions were distant from each o- 
ther about two feet, kept so unaccountably close together for the great- 
er part of twelve months, as to become a matter of considerable sur- 
prise. When the cold weather commenced in November, they made 
a small deviation from one another for a few days, and then resumed 
the same uniformity which they had before. An account of this 
was published in Mr. Tilloch's Philosophical Magasine, where 
the observations of M. de Luc, which seem to have been a veiy 
near approach to the cause, were inserted by way of reply. The pen- 
dulum which was at one of the clocks, was of Ward's kind. On its 
being taken away, a gridiron one was put in its place ; but with this, 
which was longer than Ward's, the clocks could never be brought to 
the same time as before* Their arcs of vibration continually varied, 
and no satisfactory going could be obtained from them, although 
we were well aware that they were competent to have given a very 
different performance. The gridiron pendulum dock was one of the 
best possible in its execution, and had one of the best recoiling 
'scapements we have ever seen or made The dock was taken from 
its case, to have a ''scapement of a different kind put to it. In the 
meanwhile, the pendulum being left hanging in its place, was obi- 
served to be in motion, which was at first imputed to some shaking 
of the house. On being stopped, it got again into motion, and upon 
observing it narrowly, it was found not to be in such a direction as 
any shaking of the house could produce, swinging quite in time with 
the pendulum of the going dock, the two penduhmis mutually re- 
ceding and approaching each other. The cure was instantly obi- 
vious ; and afVer the upper plank was sawed through between the 
docks, the pendulum became in a little while dead and siilL Tht 
arc in which it vibrated was about twdve mihutes of a' degiBe on 
each side of the point of rest, whidi was nearly about the greatest 



TUEEET CLOCKS 389 

CKleiit of Ytriatioii in the arcs of the two pendulums. It would be 
inpoaBifale to make two clocks go closely together, in any other situa- 
tioa than the one which has been mentioned. 

After the plank was cut through, the going clock was observed to 
be hMing nearly at the rate of a second and a half a day ; and if the 
dock which kept so bng in unison with it had been tried under the 
ssne circumstances, it is probable that the rate would have been 
fcnnd to be fiut. The rate they had for a period of eight or nine 
months or more, when they went close together, did not exceed two- 
tenths of a second fast a-day, and this may have been a mean of the 
natural rate of each pendulum, if it may be so expressed ^ that is^ 
suppose one dock was going slow 1.5 second per day, the other fast 
1*7 second, there will be two-tcnths of a second left for the acceler*> 
tion of both, which seems to be the only way of explaining this phe- 
nomenon* 

Snbeequent trials with these two clocks, in still more detached situa- 
tions, have given rise to an idea, that it is probable and seemingly 
poasiUe) that two docks, fixed as these were, where the pendulums a£* 
fecCcd eadi other, could be made to keep a rate of time much nearer 
than any dock singly could do. It is the opinion of an eminent fi>- 
reign artist, that a few docks, placed in this way, would communi- 
cate the motion of thdr pendulums to each other, till they came all at 

last to beat at the same instant.-— We entertain no douU of this opi- 
nion. 



CHAPTER XX. 



On Turret Clocks. 

We have frequently seen turret clocks put up in places whei^e no 
advantage was taken of the length of fall for the weights, whieli 
eiiher did not descend through the whole hdght, or, if they did, the 
ropes had a second re-winding, as it were, on the barrd. Hindlof, 
who was certainly a man of genius, and whose turret docks were 
peihaps unequalled in regard to their execution, though defective^ 
from no advantage bdng taken of the fall, made them all with bar* 
rds of a small diameter, and of such a length as to admit almost any 
number of turns, so that they could be placed in any situation, whe* 
tber with propriety or not. We shall therefore lay down such mles^ 
that a dockmaker may fit up a turret dock suited to any given ftll 
ftr theweights. 

Soppoetf that Ae height ofMl fbr the weights is 95 fbet, and tlmt 

3c3 
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the clock is required to go eight dajrs without being' wbimd up, and 
vith a single line to the weight, that fs^ with nopull^ fo/t the weight 
to hang on, — ^we may allow 12 inches for wbalt ■ the weight wifl takja. 
This reduces the length of M to 24 feet;' aifewii^ 16 turns 4»f the 
banrel to give 8 days goings and dividing the S4 feet of fidi bf 
16, we shdl have, for length of the ropie^.lS hadbi. tarn mn \twim 
lof the barrel. To find the diameter of the barrel, wesay, as SSSfer 
the drcumference is to a diameter eif IIS, sail the circumfcttikoBlS 
inches of the barrel to its required diameter^ which will be found to 
be 5*73 indies nearly. But this diakneter woidd be too large, aiiiee 
the diameter of the rope must be taken into lioeount; for thtt:tinie 
iSiameter, or that which is nec^ssai^ to run out the fell, araat be ta- 
ken at the centre of the rope when wound roiind the faarrd. Allbw- 
ing the diameter of the rope to be half afn inch, then taking dua from 
5*73 inches, we shall have for the proper diameter of the banel &% 
bidies. Having now olitAined the diametier ^f th^ bartri^ its lojgth, 
between the ends, may easily be found. Sixteen turns of the barrel^ 
the number wanted to ^iiddiit^e eight days going,; and a ibpedf hidf 
im inch in diameter, inil noquhre c4ght isches; bnt..'to the ciHia ef 
iSbe rope cannot lie quite dose to each bthJEnry Jwe. may aUoV, fer feee- 
'dom, one inch and a i}uarte^ ^ eafn^^qoentfy, if the bartd. la afmie 
i^.85 inchesin lengA liervvfeen the cttidtoj <it wiH b&JBuffickadjr lo^g. 
, For the strildng pait, aiope of half «la ^incb indiamet^ «iH,^bb 
strong enough ; and, as one of a considerably smaller diameter, feveHa 
one-half, would suit the going part, the going barrel may be made 
diorter. If the clock should be made to go by a double line and 
pulley, then the diameter of the barrels will require to be the double 
of 5.23 inches, or 10.46 inches. Or if the fall is only IS or 14 
feet, then the barrels of 5^23 inches in diameter would do, by means 
ef a pulley. The diameter of the pulley will in part lessen the 
length of the fall, and in place of 12 indies, we may now deduct 16 
iOdlies, or so, from the fall, on account of the length taken up ^-the 
.ifdght and pullqr ; but this trifling cnrcumstanoe requires uttfe ac- 
:aMDimodation on the part of the dockmakei;. Taking then, th^ cEa- 
ineler of the barrel at 10.46 inches, in order to (lacartain wh|it dia- 
JBfCer the barrd ends and the great whed ought to have, the rope 
bdng half an inch in diameter, twice this added to the barret'a dKa- 
nMer will make it 1 1.46 inches, but, &r -the sake of even mamberiy 
let it be taken at 11 inches and a half for the diameter of the pittn 
iMrrd end ; an additiond inch, or 12.5 inches in diainefer W the 

barrel ratchet end ought to do, unless when the barrd rutehet ia mit 

_ .It.. ./I • * ■ 

ettr the band end, and within its diameteri; aa la aomeluneB doM^ in 



mtdu to liif« ih§ grett whed of a less dhniieter tbtn it etibenrise 
voqU be^ when the b«rr^ ratchet end is done in the usual way. lli^ 
•s ultii of UMlioii «f the tatdiet and dick need net be nere distant 
tnm tlie top of the ratchet than half an inch, «nr at most .6 of i» 
infih, «id »7A of an inch more than this tar the breadth of the wheel 
Mh ineliiding the teeth. The semidiameter tsf the barrd ratehei 
end ia 6.85 inches ; to this being added .6 of an inch, and /J5 ef Ml 
mkf we shall have, for the semidiameter of the great wheel f.C incheiv 
m its Aaneter 16.8 inches. The diameter of the great wheel beii^ 
thas oksiied, we may get the arcamference by aaying, aa llSlfe to 
tKft, ao k 16.8 to the ebcumference required^ which is found to ha 
17.95 inches ; this Prided by 240, the double of the number of lilt 
tetli proposed to be put into the great wbed of the going part, wa 
hafe ftr the breadth of each tooth and each space 0. 199 of an ineki 
• Beaify .9 of an inch. It is perhaps ad^isiMe to have the spaeaa 
iwf small degree less than what is here given ; the teeth will then to 
taoMfwhat more than .8 of an inch in breadth. By taking smaH tempo* 
ftfjr segments of thin brass, hsving the -same radii as the w4ieel, aad 
cutting them from the proposed number on the cutting engine, ttojr 
wffllead us to ferm an idea of the strength that die teeth may have. 
Indeed, this, and odculation together, ought to go hand in hand, and 
is the way that any ingenious clockmaker ought to adopt, if his el^ 
jeet is to have the best possible contrivance in the construction cf any 
piece of work in which he may be engaged. 

As it is of consequence to have length of penduhm, itshoidd to 
adopted when the clock is in such a situation as to allow its being ap- 
I^ied* We recommend one of 80 feet 6 inches in length, which wooSd 
have almost as much dominion over the dock as those made by Hiud- 
ky of 58 feet 4 inches, and could to more easily made. The whedi 
n^ B9, and 84, the pinions 18 and H), give 84 vibratiotts in a minuto, 
eadi oscillation toing equal to two seconds and a half. 

If it is p rop os ed to have the penduhunof ^ucha length as tomikig 
Mtoata in a minuto, the swing wheel having^ teeth, and the 
pndons 10 eadb ; then the numbers for the teeth of the second and 
AM wheeb w31 to 60 and 50, and the length of tto penduhm 
156.8 inches ; where twenty feet or upwards, Ibr length of fall, ahd 
te en g lh of tlock can to otytained, a i/hortier pendulum than this should 
WSftt to adopted. Tto diameter -of the -second wheel may to made 
half of that of the great wiieel, or even a little less ; however, wt 
tt^iaaftly take it at tiie half, via. 7.6 inches, as it is to to ant into 
teST diemuntor of teeth, and bring consideraMy thinner than Aa 
giaatiHifedy tto taedi wiU, notwithatfcnrting this, to suffideiltly stroiig 
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for the force exerted on them. The third wheel having 50 teeth, and 
the force exerted on them being considerably less than th^t on the 
aecond wheel, we may obtain the diameter of the third wheel, by first 
taking the proportion of 60 to 50, and then making the diameter 
somewhat less than the first proportion would give, because, were the 
teeth cut on this diameter as given, they would be as strong as those 
of the second wheeL We then say, as 60 teeth is to its diameter 
of 7.6 inches, so is 50 teeth to the diameter required, which is found 
to be six inches. Taking six inches in the compasses, and applying 
them to the legs of any sector that has a line of equal parts, both 
legs of the sector being extended till the points of the compasses fall 
exactly on 50, set the compasses to the number 45, which will give 
a distance suitable for the diameter of the third wheel. This will be 
found to be 5.5 inches nearly, and if the swing wheel is made five 
inches in diameter, it will do very well ; it ought to be made pretty 
thick, so as the teeth may have a broad bearing on the pallets, and 
if two small holes are drilled through near to th/eir points, making 
equal portions or spaces there, these will contribute much to keep a 
good quantity of oil on them for a considerable time. 

The barrels both in the going and striking parts being made equal 
in diameter, and each performing a revolution in 12 hours, we now 
proceed to make out proper numbers for the striking part, and dia- 
meters for the great wheel, the pin wheel, and the tumbler wheel ; this 
last we shall also make use of as a fly wheel. The diameter of the 
barrels being equal, the great wheels may also be equal, and the di- 
ameter of the striking great wheel will be 15.2 inches. The num- 
ber of blows which the hammer must make in 12 hours, can be ob- 
tained by a very ample rule. The first blow 1, being added to the 
last blow 12, will make 13, and 13 multiplied by 6, half of the num- 
ber 12, will give 78 for the number of blows required during onere^ 
ydution of the great wheel and barrel The great wheel of the .strik- 
ing part will require to have rather stronger teeth than those of the 
great wheel of the going part, because there is a stronger rope and a 
heavier weight applied against them, in order to raise as much weight 
of hammer as may be, so as to bring a sufficient sound from the dodc 
bell. The pin wheel pinion being 10, and the wheel 64, hav- 
ing eight lifting pins in it for the hammer tail, the number of teeth 
in the great wheel which will be necessary, so that one turn of it may 
produce 7^ blows, may be either 98 or 100. 

Suppose we take 98 for the number of teeth^ S8 divided by .10, 
the number in the pin-wheel pinion, the quotient will be 9.8, whid^ 
multiplied by 8, the number of pins in the pin wheel^i will give 78.4 
for the number of blows for one revolution of the grtwt wheel. If 



Che greal whed ihoaU have 100 teeth, this, divided by 10, wiUgivt 
10, mod this again inutiplicd by 8, will give 80 for Uie nuaiber ef 
blows during one tarn of the barrel; either of theie numbera for the 
teeth of the striking great wheel would do very well. If we take 98^ 
and as the pin wheel is to have 64 teeth, we may find a proper di- 
ameter fbr it, so that the teeth may be nearly about the same sise as 
those of the great wheel. Say as OB, the number of teeth in the 
greet wheel, is to 1A.2 inches, its diameter, so is 6<l, the number of 
teeth required in the pin wheel, to a diameter required for it, whidb 
wiB be found to be 9.9 inches. . . 

The pin wheel, having 64 teeth, and 8 lifUng pins in it, the txuKf 
bier wheel pinkm, which makes one retdudon for every blow of the 
hammer, must haye 8 teeth or leaves in it. The diameter at the 
tmnMer wheel must be coosiderahly smaller than that of the pin 
▼heel, and this will depend on the number of teeth it ought to have^ 
on the number of leaves in the fly pinion, and on the number of the 
levolntions which the fly pinion is to make for every blow of the 
hammer. The less the number of rev^utions given to the fly pi- 
nion dmring one blow of the hammer, the less will the striking part be 
mider the inflocnoe of oil. But few tarns in the fly, require it to be 
eonnderably extended in the wings or vanes, and this demands some 
iiqpemiity and address in the dockmaker to carry them out, so that 
they shall be conveniently clear of every part of the dodc* When 
the arms of the fly are extended, the wings or vanes can be consi* 
deraUy diminished in surface ; and a little weight may be given them, 
•o that when once the fly is set in motion it will not easily stop. The 
ooBStruction of the fly, and of the fly pinion, has hitherto been injudip 
cioos. The flys commonly applied to turret clocks were too heavy, the 
wings or vanes were too broad, they made too many revolutions^ and 
the fly ptnioB wasnot so properiy siied as it might be : for it must bf 
considered that it acts not merely as being driven, but it must somch 
tiBMS ict as a leader. For although the tumbler wheel, or fly wheel, 
irUch turns the fly pinion, acts as a driver, yet, from the nature an4 
applieation of the fly pinion, and fly to regulate the velocity of the 
striking, the fly pinion, fWmi the acceleration which it will acquire^ 
must sometimes act as a leader, so that the sise of the fly pinion 
oug^t to be a mean between the sise of a leader and that of being 
driven. If the pinion is made too large, or the sise of a leader, 
the wheel teeth in driving it would be apt to butt on the pinion; 
and if made too nicely, to be driyen, it could hardly ever act as a 
leader, as here the pinion would butt on the wheel teeth ; this theo* 
is the reason of ke^nig it to the meiB siaq oC die two, wUdr.fill ly 
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totxti t6 have a good effect. Tiie unks of the % may be about 98 
inches in length. 

The !^ttiiiliet of thereifehitionB tif the fly pbrni 6r eaci^hltw tf 
dhe hin^sieriB not arfaitnury ; in some docks die fly nay make twen- 
ty reVolcitiMB) in eonie more and in some lees. When the ravolotioaf 
Ifre ftf«rv and llie tt^eeleration of the fly fit to cany forward « • amall 
degree the striking^ it may appear to strike fiMter towards the end ef 
B long hour, hut it will require a moefear to peimve it We hvf^ 
ftiiAe the fly ^ieb t&ha;ve only fttir toviH fee eM blow ef ifie ham- 
mer, which answered extremely well, «o that die tnmUttr wheel will 
YdCjfAte 49' teeth, i^pposing the fly janioiEiite^ have 10. Uwe 4alm the 
Mio t)f ^ pin wheel df 64 to its diameter 9*9 jnehfce, then At 
ttilnMer wheel (sf '40- would lia/iv its diameter SA6 iacbesyfthe .4eeth 
*wmM thati he "of ^lie Muue vise tnr etanagth with thoee of the jgim 
^hierii^, but this is-Mt i^qaisite, aa they will bbar te be.comadiaatjy 
^Simittished itk fline, ttudif the diameter of the tiwibler idled la aearr 
iy 5:5 inches, lihe tcfedi ^^mll be sufficiently etiiHtig.., Iii thia atrikiiig 
]^ there is no 4y wheM and pinion.. j t 

Tht kfekif^ ef thMitriidi^ part ef ioiiet docks requires erfe^aw^ 
g6od mechWism.^ That iriiich Hindfey used is Tory ii^;eni4wa^ and 
was adapted in the dock made for St. Andrew^- Chuidbi fnKdinj 
tnnrgh ; y^, 4om focfaess vf oil or dirt, it* is liabb to att^;ive» and 
in attempting t6 rectify it, liM ignorance tuc 'cavelessness l>f w^rhnimi 
Is apt to itocteasfe l/heevtt. The nicety of this locking lieain ihe 
pins tif tbe couoft-wheel, whoee oAce is to raise up the loddngt-liftci^ 
mdd pass itvSt the same 'thne. The locking whidi is here prqpesqc^ 
is by meCKbs of two plns-or deteitu on the.fly j^inioa arbtw^ .ona ef 
which is 'far loddng en, and the ^oilier is a detainer while the strikiag 
is on wanttng. in this mMion ^wcdc, we hare a «aek,.haraig. ieeth 
tvh 'Ae inAnde as well^is tfa die owtside^ < the* tumbler. , raises ihe m^ 
fry niesM'oftheinttde-tecd^die'radc^^atckaQtabyithede <m (heaafc- 
ifide; aftd in coneentl4e*wi«ih ^dieifaomr lifting ann^ar thafc.whkk diK- 
idmq^eABlheMriking^ %ut4kediuo«afimlyiaadindi|>eade9ll|y.<]# 
tMheir. When the »aeh isDn %he liMngvf die hitteotb Igrt^tamt^ 
Mety a pin whidi is in the fade 4»nies liorwanl th^ ewdiiC^ale^nr -ar 
^Mb. Obncentric ^iSi ^ibbeMi^ and. find with it, anwfcwr armpwh 
Mttts itself -(at the same ^instant wihen tfaapin in die iadUU% oaipa^ 
Ae ann forward) to n )pifi«detefit'on<tlie flyjinnionarblt, andlwr 
the Utrikii^ is lod^. The^him^he manoite whed^ion Irddng.^p 
the hoorlfting 'aite, ^raises at die*'Bane time dmnack aaMh» nuA 
iseqnendy jfflows <he tadi 'to £0^ 4u^ 
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Unking would go improperly on, but another spi, which is oonnect- 
td with the hour lifting knh| pfedelito1lbdf49 the othct ^tetent on^ 
tj Itnion arbor, and detaiaa il till soch time as the lifthig arm drops 
oirflrbm the fiviik'Ae minute wheel, and then the sttildng being itt 
¥kMf goes on, and is again locked when the pin in the rack is made 
to'itoye one of the locking arms foiirard. Tliis locking is sure and 
wAt and very easily executed. It was contrived for one of the clocka 
at Annan. 

The piAs of the pin-whefel ought to \)e pretty stout, and one half 
of their diameters should be cut away, so as to allow the hammer tail 
lb ibfop <4ttlNSAff caitting as Ktde loss is posdble of the force of the 
woght. Bowe have Itutde Very dendet pins, and strengthened them 
ky their opposite enda being fixed in.a small circular rim or ring over 
thoii but small [uns are apt to tear and wear away the acting part 
of the hammer tail. The hammer tail may be so constructed that 
i^ bqgins to raise the hammer head when the lever by which it acts 
is at its maximum lengthy the head having then a more horiaont^l 
position than when it is afterwards raised up. The principle hid, 
down here of the striking, &c. was adopted and put in execution iji 
tbe.'^two turret clocks which we made for the royal Imrgh of An- 
aam and which are not equalled by any turret clock in the island. 
The frames of these clocks are so constructed, and the wheels so 
Hipottit that any whe^ can be sepAately lifted out of the tnmt^ 
w ithout -either taking it to pieces, or removing any of the other 



The diameters of the wheels and the length of the barrels being 
'detemmied, we may thence fix upon the length and breadth of th^ 
dodc frame, which is proposed to be redtangular^ and the whoeU 
Ijihg all nearly in a horiiontal position, making it of such dimensions 
as not to pinch any pait of the work, nor yet to have H siiperidKai- 
lanoe of room. Beginiung, then, Iridi the going pitrt :^— The great 
whtA being 15.2 inches in JSameter, and having 120 teeth, and die 
)paion which it drives 10, we know that the distance of their centres 
will be &081, or 8.1 inches nearly. We also knoV, that in the 0a80 
of die second wheel of 7-6 mches in diameter, and 60 teeth driving 
die third wheel pinion of 10, the ^tiance of thcdr cecttres nmst be 
4^7^ indies. In like manner, we get the distance <yf di^ centres df 
flie thnd wheel, and swbg-wheel. The diameter of the diird wbesil 
is 2k500 mches ; die swing-wheel pinion being 10, we have fbr th^ 
fiatnce of dieir centres, 3.158 inches. By taking diese distanoei, 
and adding them togedier, widi the semi-diatfetc»s of diegr^at atid 
swing-wh^ weahall hiive die space iduk W^ndd be T^qti^ 
tarn the going part. 



396 TUBSST CLOCK-WOBK. 



From the centre of the great wheel to that of the second wheel 8.081 

From the centre of the second wheel to that of the third wheel 4.273 

From the centre of the third wheel to that of the swing wheel 3.158 

The semi-diameter of the swing wheel, - - 2.5 

The semi-diameter of the great wheel, - - 7-^ 

25.612 

So that it requires 2 feet, 1 inch, 6 tenths, and a very little more, to 
contain the going part. 

By proceeding in the same manner, we shall find the distance of 

the centres of the wheels in the striking part to be as follows : 

IncliM. 
From the centre of the great wheel to that of the pin 

wheel, . - - - ai876 

From the centre of the pin wheel to that of the tumbler. 

wheel, .... 5.6815 

From the centre of the tumbler wheel to that of the fly 

pinion, - - - - 3.2544 

Semi-diameter of tumbler wheel, - - 2.75 

Ditto of the great wheel, - - - 7.6 

27.4734 

To which add the space required for the going part, 25.612 

Gives for Inches, 53.0854 

The length, then, required to contain the going and striking parts, 
is about 4 feet 5 inches, being the inside length of the frame. 

The width inside of the frame, depends on the length of the bar- 
rels, the thickness of the ends, and of the great wheels, &c. The 
striking barrel being the longest, we must take the length g^ven fbir 
it, which was determined to be 9*25 inches between the ends. Al- 
low one quarter of an inch or so for the thickness of the plain end, 
and hialf an inch for that of the ratchet end, and about 3-4ths of an 
inch or so for the thickness of the great wheel, these being 1.5 inch« 
which, added to the length of the barrel, makes 10.75 bches. The 
pin wheel is supposed to run behind the great wheel, having a pro- 
per freedom between them, the pins for lifting the hammer tail being 
on the opposite side of the pin wheel, and the plain barrel end hav- 
ing a sufficient freedom of the front bar of the dock frame. We shall 
call this freedom about .3 of an inch, and as much for the freedom of 
pn wheel and great wheel ; the thickness of the pin wheel about .4 
of an inch, or a very little more ; the height of the pins fironi the 
surface of the pin wheel about .6 or .7 of an inch. 
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InAm 

The length of the benrel, with itt edditionB, wee, • IO.75 

Fkeedom of plain barrel end, .... ,3 

Ditto of great and pin whcek, ... .3 

Thickneis of pin wheel, . . . • 45 

Height of pin wheel pine, ... ^y 
And take the distance of their tops from the side bar of the 

frameat - - . • . 1.26 



Inches, 13.75 

By this it appears that the distance between the bars of the frame 
inside, will require to be 13.75 inches. The side bars, one on each 
side of the frame, are of forged iron, above four inches in breadth, 
snd .4 of an inch thick, having at the ends a sort of thickness left 
there, so as to form a shoulder, and beyond the shoulders are tenons, 
not quite so thick nor so broad as the bars themselves ; these tenons, 
sbout 4.5 or 5 inches long, are fitted into a rectangular hole, in the cast 
iron part of the frame, which compose the ends of it. The ends of 
the tenons are sometimes formed into two screws, each having nuts 
to bind them against the shoulders, and with the cast iron ends : or 
having sometimes slits in them to receive a strong iron wedge to bind 
the shoulders ; either of them will do very well. The length from 
shoulder to shoulder of the side bars need not be quite so much as 
that which has been allowed for containing the going and striking 
wheels. If this length is 4 feet 4 inches, it will be sufficient ; the 
space given by the cast-iron frame ends will more than compensate 
vhat has been deducted from the calculated length. The cast- 
iron ends are composed of two sorts of pillars, connected by a rec- 
ta^gnlar bar, near 5 inches broad, and about half an inch thick ; 
the length of the rectangular bar such as to allow the side bars, when 
the tenons are into the square part of the pillars, and in the rectan- 
gular hde which is made there to receive the tenons, that the inside 
of the side bars shall be only distant from one another 13 75 inches. 
The middle part of the pillars is a square of about 3 inches, and 6 
inches long ; the upper and lower ends of the pillars are turned into 
•uch a figure or shape, as the taste or fancy of the artist may sug- 
gest. The middle of the recUngular hole which receives the tenons, 
nay be distant from the lower end of the pillar about 12 inches ; the 
top of the upper end may be equally distant. This frame, if con* 
itructed in the manner which has been directed, will be found to be 
strong, firm, and stiff, and very handy and conveniei^ty while going 
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pinion of fcfur will lead about the snail wheel and mail, having ii coiii« 
mon socket ; die wheel having 48 teeth and 7 inches in diameter, and 
1?urning on a stud in the back bar ; the rack is also on a stud here* 
The pivot required to have a lanthom pinion formed on the end of 
it, for a wheel of 48 teedi, and 7 inches diameter, would be rather 
too thick ; so that by keeping the pivot of a moderate sise, or suffi- 
ciently thick to have a hole in it to receive the prong of a pinion of 
6, and the snail wheel 7% m^y be a better way than that whidi we 
first proposed. The hour lifting arm and the detaining one may be 
formed or not from tme and the same piece, and fixed on an arbor 
whi^h lies above the great wheel, whose pivots must run in ooeka 
attached to. the maia frame ; cocks are also required for the hammer^ 
the verge, and pendulum/ The length of the pendulum which we 
have proposed, for this dock, may be thought by some raiher inoon^ 
veniently long, which is a matter that can very easily be got the bet*' 
ter of, by assuming any other lengths, say 6, 7, or 8 fieet : either of 
these lengths will perhaps have dominion enough over the dock ; bat 
these will require other sets of numbers for the second and third 
wheels, allowing the pinions to remain 10 each, and the swing wheel 
to have 30 teeth. The second wheel having 75 teeth, the thitd* 
whed §0, the pinions 10 each, and the swing whed 90, the vibnu' 
tions in a minute. are 46^ the length of pendulum required is 6 ftet 
9.7 inches. If the third wheel of this set be made 70, all othenie* 
maining the same, the vibrations ill a miiinte will be 48, ^md die 
length of the. pendulum 6 fieet 8 inches ; 40 vibrations in a minote 
would require the wheels to be too disproportionate in numbers^' mi- 
less we were to make one of the pinions' 12 in place of 10; the 
wheels in this case would be 75 and 64. In the other they would 
have been 80 and 50. The length of pendulum is 7 feet 4.S iiw 
ches ; the vibrations in a minute 38 ; the pinions lO.eadi, and the. 
swing wheel 30. The wheels are ^& and €4, the length of peadn* 
lum 8 feet, 1.73 inches. Wheels 80, 72, and 30, and pbttons of 
12, will give 40 vibrations in a minute. . r 

It is certainly not requisite to give any moie exnuples of co»»' 
structing turret docks. The one which has bete given is suffident 
to enable any intelligent artist to proceed in this way, whether widi 
clocks going eight days, or with those which require daily winding up. 
There are often great objections made agaiubt the trouble of didLf ; 
winding up a turret dock, but when this tnmUe can be aubmittQd^ 
to, a dock of this sort is deddedly preferable to those which go eighli 
days. Turret docks which «tfike quarters are sonietiines MAmikp 
some of which are done by a quarter rack and staail, and otherii bjr «* 
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dont wheel For ihedeflcriptbn of a ihirty-hoiir dock of tUa 
pm op in the town-house of Paris in the year 1788, we refer to Ber- 
dKmd's HUMre de la MHure du Temps par lea Harlcgee. This 
is perhaps one of the finest public clocks in Europe. It was oon- 
ilnieted with mocfa care and expense, and is the only one wbidihas 
■janmlliid dials, one of which is above 9 feet in diameter. 

Although not in ita proper place, we may here remark, that where 
fbur sets of diab and dial work are required, it would hardly be saft 
to tnist them to a stron^viglid collet behind the minute wheel. We 
would therefore propose, that the pivot of the second wheel jdmon 
be squared down, and a little loiq;tr beyond the lore bar than what 
was proposed for the square of the spring ; this is for the particular 
fBMon of getting easily at a bolt pin when at any time setting the 
hsnds. On this square of the pinion let thesquared socket of a plain 
wbed be very well fitted. This wheel is about 3.6 inches in diame- 
ter, and in thickness about one-fourth of an inch. The minute wheel 
have a sink in it, so as to receive the plain wheel, but the sink 
be more extended in diameter, to admit a skeleton sort of a rim 
of a wheel with forty teeth cut inside of it. This rim must fit well 
the inside of the sink in the minute wheel, and be fixed to it, either 
by soft sdder, or some other means. The minute wheel, in this case 
of die sink in it, will require to be thicker than in the case of the 
tping collet. A bolt may be lodged under a dovetail slit made in 
the phdn wheel ; in this sUt, and lying close to the sink, the bolt can 
be made to move out or in to the inside teeth on the minute wheel ; 
OB the end opposite that of the locking end of the bolt, is fixed a 
stout roimd pin or knob, for the finger to pull out when occasionally 
letting the hands ; this pin serves also for a stout spring to push 
the bolt into its place between the inside teeth. 

In fitting up the dial work immediately behind the dials, it may 
be reconuneaded to adopt that which was contrived and put in prac- 
tice in the difi*erent dial- works of St. Andrew's church clock : on the 
odnnte aibor, just by the lower end of the hour wheel socket, is a 
boae stedi washer, which lies dose to the fore plate of the dial work 
ftime ; end should the wind press the hour hand and hour wheel 
mdket down, it afiects no other part, but only presses the washer 
ifnnat the plate. Inside of the dial-work firame, and on the minute 
idwr, are washers to prevent any binding on the ends of the hour« 
vhedaodEet. 

In the town clock at Paris, the revolutions of the fly striking the 
bour, are eight for every fallow of the hammer; the fly of the quarter 
pwt naikea four revofaitiottS' for every quarter hammer Mow, there 
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being to^ lifting pins on each side of (he gregt whe^..9ii)uiv( 80 
jlift% the ai^ount of the quart^. hLoyrs m an hour. The wings or 
yapes of the flys in this clock are pretty broad and long, apd can be aet 
to take more ojr less hold of the air. The Ay of Hindley'srclock* in the 
Orphan Hospital, Edinburgh, makes 4.57 tjorna. far.eveQt Uqw of:|he 
hammer ; but^ &om the imperfect consjtruction a[ the clocl(, no ade- 
quate weight of hammer can be raised; and hence a sufficiency of sound 
eannot be obtained from the bell. It has been si^ th^t^ the weight 
jc£ the hammer fbr this purpose should be 5 ppu9da. w^igh^ for oTery 
100 pounds in the bell. Turret clcipks in general must either have 
their beUfi too large fbr this proportion^ or the docks haye not been 
made to raise a heavy enough hammer. The ann of the I^ammer, 
lAen at rest, should hardly make an angle of elevation above S^de- 
grees, or 24 at most ; and in order to get as much mass of matter in 
.the hammer head, the tail by which it is raised should be f^tPf 
long, and give a rise fipom the bell as little as possible. But this dis- 
tance of rise from the bell must depend, among other thing% on tli^ 
length of the arm, and on the angle or length raised by the pin wheel 
and hammer tail 

It was formerly proposed to fix on the fore bar the small dial^ to 
which the minute hand is s^ at, when setting those of the principal 
dials ; but it matters not wheiiher a dial is fixed and the minute hand 
is moveable, or the minuter tund is fixed and the dial moveable. 
Suppose that, by means of thiree small and short brass pillars, fixed 
inside of the bevelled wheel, we now screw on the tops of them a 
light round dial, having the minute divisions and figures on it, an^ 
the minute index fixed on the fore bar, we can here make the bevel 
led wheel be turned about till the minute index points to die propt 
minute. This mode will, besides, allow us to have more convenien 
ly three sets of dial work, that is, two by the beveDed wheels, who 
arbors are laid horiaontal, and the third by connecting it witl^ t 
socket of the first or front bevelled wheeL 

Where turret d^s are of a large sis?, and have very he 
weights applied to the barrels, they require much force and ftr^p 
to wind them up. In order to remedy this, an aj^Muraiua of.D 
the same nature as that which is commonly applied to craneahw * 
used. This consists of a wheel, with radiea^ s^ng and coarse.! 
fixed on the barrel end, opposite to that where the great wheel 7 
pinion of any number, on whose arbor a square to receive the ' 
ing up key is attached to the clock fi«me, by means of a cock 
ao as to pitch with the whed on the barrd end ; and by thia i 
a considerable wdght can be raised with case, requiring mm 
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^PfmtiffPf but moxe time th^n when the winding up ia pedormed 
tfr'tli^biiTel ttbfir. The dock in the town-house of Paris ib wound 
HI in this manner, which ia tq^resented in the drawing of Vick'e 
dodt, Plate I. 1. The site of the whceb and strength of teeth, 
paj: ba rqpdated according to the weight to be wound up. The 
fi^l^ of the going part is in all cases light, when compared with 
dM which ifl necessary for the striking part, in most of thiE'se dodca. 
Ibndea the advantage of winding up a heavy weight with ease, this 
pMhod has another, which is, that the barrel arbor pivots can be 
^pid^ either in conducting the hands, discharging the quarter or 
Unkuqg parts, oc turning count wheels, &c. The old way of the di- 
vmm of the hours striking by dbe coMnt wheels and locking plate, 
and locking on the hoop wheel, does not yield in ingenuity to any 
tUng which has been since introduced in its place by modem elock- 
ipakcia. The only great objection to the old way, was the trouble 
of making the c^ock strike a round of eleven hours or so, when the 
Unking of Urn hour not corresponding with the hands, took place 
ftno any accidentsi discharge. It may not be out of its place to 
obaerra here, that the application of the cord or rope for the weight 
dioald be on chat side of tfae barrd which lies next to the pinion in* 
to which the great wheel acts, especially in turret clocks, as this re- 
fievea the barrel pivots of a great dqpree of friction, which they 
vould othorwiae undergo were the coarse of ^e rope and weight on 
dieeppoiifa^aide. 

If tlia barrd is made the same diameter with that of the great 
wheel, the action of the weight or moving force, may be applied whol- 
)f ov nciV^Iy 60 on the pinion, by which means the friction on the bar- 
id, pivota will be alraost nothing or nearly annihilated. It is but justice 
to the Bifmory of Julien Le Roy to say, that he seems to have been 
dia -first who takes notice of this. (See the new edition of SuUy'a 
lE^gila Jrii/lcieUe du Temptt, par Le Royy p. 340. Paris, 1737.) 
JksaA nroGrssor Ludlam, in his correspondence about the Greenwich 
dpck in 1779j recommends it to the attention of Mr. Holmes. See 
die diagram, Pkte XIV. Let B be the barrel, and as large in dia^ 
aatbe grei^irhed, C its centre, A is the pinion which the 
whed acta on. Suppoae the line or cord to part from the bar- 
fid at A, and to godewnwarda ; in thia case the whole weight will 
iMt on the leaves of the pinion, and none of it on the centre C. Se^ 
^gmdfyt Suppose the line to part from the barrel, on the opposite side 
at I>9 to go upwards, and turning round a pulley to have the aame 
weight hung upon it ; in this case the very same force or weight, 
act i^n the leaves of the pinion ai before^ but douMa that 

8n9 
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will rest upon or press the centre C. In both cases the jnmon is 
turned the same way, and with exacdy the same force. In the for- 
mer, the centre C has no pressure from the weight ; in the latter, the 
pivots press the pivot holes with double the weight hung on. 

Although we have taken an eight-day turret clodc by way of an 
example, we however by no means recommend them. Clocks which 
require to be woimd up every day, are much better, and have great- 
ly the advantage ; any that we have made, were all of the latter kind. 
The fine clock in the Hotel de Ville at Paris, that of St. Paul's, and 
of the Horse Guards in London ; the Town Clock, and that of St. 
Andrew's Church, Edinburgh, and almost all public clocks of charac- 
ter, require to be wound up every day. It is to be regretted that 
modem architects, when planning out a church or any building, 
where it is known that it is to have, or must have a dock, that they 
take this matter so little into consideration. Hdght or length of fall 
for the clock weights, and sounding boards for the bells, were much 
attended to when building spires for the ancient churches. An in- 
stance of this is seen in Sir Christopher Wren'^s architecture of the great 
Cathedral Church of St. Paul's, where the fall for the dock weights 
allow of such a force, as by a stroke of the hammer it can make a 
bell of 1 1,474 lb. be heard at a distance of two and twenty miles. 
We heard it at Windsor Castle in the month of June, 1773 : the day 
was still and calm ; and attending to try if the dock could be heard 
when striking the twelve o'clock hour at noon, (which we did hear,) 
the sound that came through the air, was not like that of a bdl, but 
had a low, dull, and feeble tone barely perceivable. 

We have heard a story of a sentinel when on duty at Windsor 
Castle in the night time : it was alleged that he had been off during 
the time of his being on guard, for which he was brought to trial 
by a court martial, for neglect of duty. He stated in his defence, 
that he heard St. PauFs clock strike thirteen at midnight, whidi 
was corroborated by others who heard the same number ; by this he 
was acquitted. A. little ticklishness in theloddngofthesttOdngpart 
may have caused this to take place. 

At the time when the public clock for the Royal Hosfntal at Green- 
wich was about to be made, Mr. John Smeaton, dvil engineer, and 
the Reverend William Ludlam, professor of mathematics in the tmi- 
versity of Cambridge, having taken a warm interest in the oonsCmc- 
tion of it, as wifl appear Ity their letters on that oecasUmj'^ staw p gly 
recommended that it should be made to go only thirty hovoa. They 

* For chose lettcn, lee Avrxmix (A.) 
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wore both well known in their time as very competent to give the 
best of directions in this affiur ; yet their advice was over-ruled by a 
majority of the commissioners. Mr. Smeaton was at the time one of 
them, but was left in the minority. It was humorously observed 
by Mr. Ludlam, that it was grudging shoe-leather to serve a good 
pmpoae. It may be supposed that many of the gallant old tars or 
invalidi in the hospital, would, for a mere trifle of tobacco, have gone 
ereiy morning up to the cupola, and wound up the clock. 



CHAPTER XXI. 



On the Method of fitting up Astnmomical Clocks. 

Although the example of calculation which we have given for the 
difierent parts of a turret clock, is applicable to any clock ; yet, in 
order to make the calculation more familiar and easy, we shall apply 
it to an astronomical clock, intended to go 32 days without winding 
op, performing the computation in the most rigid manner, as these 
docks ought to be made as perfect as possible in all their parts. 

From the inside bottom of the intended case to the under side of 
the seat board, is supposed to be 4 feet 10.7 inches, the seat board 
cne inch thick, and the distance from the upper side of it to the 
centre of the dial 3.125 inches, or 3| inches. From these, to obtain 
a proper £ameter for the barrel, which is to have sixteen turns on 
it, we propose that the length taken up by the pulley and weight 
than not exceed 6 inches, and that the weight shall be about 101b. or 
perhaps even less. Four feet 10.7 inches diminished by 6 inches, will 
be 4 fiset 4.7 inches, and this doubled will be 8 feet 9*4 inches ; which 
diwided by 16, the number of turns proposed for the barrel, we shall 
luiwa 1054 tenths of inches, which divided by 16, will give 65.875 
tentlis fiir one turn round the barrel. From this to find the diame- 
ter of the barrel, say as 355 is to 113 so is 65.875 to the diameter 
t«]i]iied, which will be found to be 2.0968 inches. The diameter 
^wen here fixr the barrel must be lessened by a diameter of the gut. 
^Tbe diameter of the gut, which we had 24 years at a month clock, 
mud which carried a weight of 241bs. was .045 of an inch ; it might 
liawe eren supported it much longer, but a different weight was after- 
iraxda hung on. It is very thick gut at .080 of an inch, and .060 of an 
indi is about the diameter of common sized gut, which wc shall take 
far our estimate in the diameter of the barrel ; then 2.0968 inches 
mmtM .060 of an inch, will g^ve for the true diameter of the barrel 
1036B mdbei. The £ameter might be kept even a little laiger 
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than this, since the cutting of the screw upon the barirel for ifte ^'t 
to ride in will lessen it a little. The depth of the screw canMot be 
much more or less than .020 of an inch, at "which we shdl Uke it ; 
2.0368.+080 will then make the diameter of the barrel 2.056B inches. 

It is more than 40 years ago sinice we proposcfd that the tirade in 
general should adopt, for all their woit, gages having indies ttd die 
lowest subdivisions of an inch mailed dA them. Had An been doikte, 
it would have made ^ all the communications between the ififlfcretit 
branches of the art extremely simple and easy ; and yet however 
simple this may appear, it has never been done. It must be obser- 
ved, that every branch, such as movement-maker, enameller, glasa- 
maker, spring-maker, verge-maker, &c. have all their own gages* not 
one of which corresponds with that of his neighbour's, and all these 
gages have numbers applied to them. On what these numbers are 
founded, it would puzzle very much both the makers and owners of 
the gages to tell. 

To get the length of the barrel between the ends, let us take the 
diameter of the gut at .080 of an inch, in order to allow freedom be- 
tween the turns on winding round the barrel. This .080 multiplied 
by 16, the number of turns proposed. Will give 1.28 indi, or very 
near 1 inch and ^Vths of an inch for the length of the barrel between 
the ends. The barrel, or great wheel, making a revolution in % 
hours, we must see what the number of teeth for it, and the second 
wheel pinion which it drives, ought to be, and likewise the number 
of teeth for the second wheel, and that of the centre pinion, so thi^ 
this last shall make 48 turns for one of the great wheel. Let us as- 
sume 24 for the number of the second wheel pinion, and 20 for that 
of the centre pinion. If we take 6 times 24 for the number X)f Uie 
great wheel teeth, and 8 times 20 for the numb^ of teetb in the se- 
cond wheel, then the centre Opinion will be turned 48 timee round for 
once of the great wheel, as 6 x 8 = 48. Having assumed the pinions 
to be 24 and 20, these multiplied into one another, and the product 
multiplied by 48, the last product will be such a number, as when 
divided by a number for one wheel, the quotient will be a number (or 
another wheel, 24 x20 = 480x 48= 23040, which divided by 
144, the number for one wheel, the quotient will be 160 for tli^ 
number of teeth of the other wheel. Or if we take 25 for the num- 
ber of the second wheel pinion, and 20 for the other, these multipli- 
ed together, and the product again by 48, will give such a number, 
as when divided by 150, the number for one wheel, the quotient wiU be 
160 for the number of the other wheel, 25 x ^ = 500 x 48 
= 24000 -h 150 = 160. The numbers for the teeth of these wheeb 
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nay be obtiined in tlie Mine wsy which %e make use of to find the 
aMuib ei i of the teeth ^the wheds Ibr cloetc aif^d watch movements. 
If we take S6 for the aeoond wheel ]^inion, and 20 for the centre pi- 
flkm, Md nmhtply them hito one anc^her, and if the prodnct is again 
araltiplied by 4S, the nnmb^ oF t«k<lli^ ^ fhe centre pinion for one V>f 
dtegHbi wbeelr #e shaD hate a viftmber which bc4n; s^Uhvide^ till 
AevAiiiio TemaindeTi the divisors will fontf such sets ^f numbers as 
■ay be given fbr the teeth df the two wheels. t%i]» 26 x 20 = 520 
X tStsMMO) the divitfors of which will be seven 8^, one 3, one 
Ai and 1S» which give the numbers 106 and 160 ibr th^ wheels. For 
fte u ri bjee t bf our astronomical dock, we shall adopt the number 144 
fer diegveal whedi and 160 fbr the second wheel, and its phiion 24y 
Md W fer the centre wheel. The efaject is to have as high numbered 
ivfaeida and pinions as can be coirreniemiy got in. The diameter of 
AegnMil whed is nssumed to be^such, as will Mow the teeth propo- 
sed for it to have strength enc^h forbear the 'exertion put on them, 
which we shall take at 3.520, and for that of the second wheel 3.300. 
In other words, there are 3.5 inches, and .020 parts more of an inch, 
fiv the one, and S.S inches for the other. The pinions for the third and 
swing wheels are to be 1 6 each, the number of teeth for the centre wheel 
128, and for the third wheel 120. Por the sake of saving trouble to 
those who may be inclined to make such a clock, we shall give the 
diameters of the wheels and pinions, and the distance of their centres. 



The great wheel 

Second wheel 

Centre wheel 

Third wheel 

Swing whed 

Whad concentric k . £ 

^irith the second I ^ ^^ 1./&2 

The wlieel of 20 is concentric with the second wheel, whidi making 
ddM itevolittbns in 24 hours, carries the hour-hand wheel of 60 once 
iMnd hi that time. The hour cixde will have the 24 hours mark- 
ei-'im fe that is, from 1 to 24, being intended for a siderial time 
dodc There is no other dial-work than the wheels of 20 and 60, 
whMi wfU require to have the hour-hand turned about by itaelf, 
(tMUMOBntotbe considered as inconvenient by those who wuh tohav§ 
iM^ dMil >rftet iMdMrisii ibr the dial work) whsaaiaijr tinkt 
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the clock is set by the minute hand. From the o^tte of the 
dial to the centre of the hours and seconds drdes, is 8.5 in^ 
ches to each. The centre of the great wheel is on a line belonr 
the centre of the dial about 1 inch, and to the left of the perpendka^ 
lar line, in the centre of the dial, S.9 inches. The centre of the 
third wheel is also to the left of this line, a little mote than half ati 
inch, say .519 of an inch. The ^scapement we would propose to be 
the same as those which we have made to astronomical docks, 
the principle of that of Mudge^s time- keepers ; only the 
be made longer, and the springs of course a little stnmger. The 
angle of ^scapement might be reduced to 15 minutes on each aide of 
the point of rest, and yet the pendulum may be made to vibrate dxnit 
1.5 degrees on each side. The unlocking here would be as near tlie 
lowest point as possible, or when the pendulum had its maximum of 
force ; or the 'scapement which we think preferable* See page 807, 
&c. and Plate VIII. 42. Nos. 1 and 8. 



CHAPTER XXII. 



!•" 



On Chv/rch Belh and Gongs. 

It is still a point undetermined, whether the common shape of the 
bell, or that which is called the dish form, chiefly used for house 
clocks, is the best. The great expense which attends estperimenta on 
bell founding, will probably keep this long undecided. 

Bells are said to have been invented by Paulinus, bishop of Nola 
in Campagnia, about the year 400 ; first known in France, 550 ; 
first used by the Greek empire, 864 ; were introduced into mo&a»r 
teries in the seventh or eighth century. Pope Stephen III. fixed tlnred 
bells in a tower on St. Peter^s in Rome. In the churches in Eurqie 
they were introduced and became general in 900. They were finl 
introduced into Switzerland, 1020. The first tuneaUe set in £ag- 
land was hung lip in Croyland Abbey, in Lincolnshire, 900. Hie 
custom of christening or blessing bells is very ancient, (wbidl 
probably took place at their first introduction to churches) ; it wai 
pessly prohibited by Charlemagne in 789* In some places this 
tom came as far down as 1030. 

They were observed to be heard farther when placed on- plaiaa 
than on hiDs, and still farther in valleys than on plains ; the leaaon 
of which will not be very diflBcnlt to explab, if it be eomadend thai 
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die bigher the eonormii body is, the rarer U the medium ; ocmee- 
quendy, the 1cm proper Tehide it is to convey the sound to a dis* 
tinoe ; fiom a like cause, they are well heard in foggy weather. 
Nanldn, in China, was anciently £udous fiur the largeness of its bells ; 
bttt their enonnons weight brought down the tower, and the bella 
have ever since lain on the ground. One of these bells is twehne 
EngKah feet high, the £ameter seven and a hal^ and its drcumfe- 
moe twentyi-three ; its figure almost cylindrical, except for a small 
swelling in the middle ; and the thickness of the metal about the 
edges seven inches. From the dimensions of this bell, its weight is 
oooqnited at 50,000 lb. which is more than double the weight of that 
at Erfurt, said by Father Kircher to be the greatest bell in the world. 
But odiers assert that the bells at Moscow are vastly larger -, that 
given to the cathedral by Boris Godona weighed 888,000 Iba. 
Even this, however, b exceeded by the bdl which was cast by the 
order of the Empress Anne, the weight of which is i32,000 lbs. ; its 
cif c umf h fe pce at the bottom more than twenty yards, its height nine- 
teen feet, and its thickness twenty- three inches. How diminutive, in 
comparison of this most stupendous bell, are the largest in England f 
the greatest bell in Christ College, Oxford, weighing only 17,000 
lbs. that at St. Paul's, London, 11,474, and Great Tom of Lincoln, 
10,845 lbs. See Imperial Encyclop<Bd\a, 

** The great bell in the Kremlin, Moscow, (which must be that 
cast by the order of the Empress Anne,) the circumference obtained 
wtt sixty-seven feet and four inches, which allows a diameter of 
twenty-two feet, five inches, and one* third of an inch. The perpen- 
dicular height, from the top of the bell, corresponds exactly with the 
statement made by Hanway^ namely, 21 feet four inches and a 
half. In the stoutest part, that which should have received the blow of 
the hammer, its thickness equalled twenty-three indies. The weight 
of this enormous mass of metal has been computed to be 443,772 
lbs. which, if valued at three shillings per pound, amounts to 
£SI6^K6. 16s. laying unemployed, and of no use to any one.*^ *' In 
the bdfiy of 8t« Ivan, Church of St. Nicolas, in the Kremlin at 
Moscow, there is a bell suspended beneath others, though of less 
siae, which is enormous. It is forty feet nine inches in drcumfer- 
cnoe, sixteen indies and a half thick, and iu weight more than fifty. 
seven toos» 3551 Russian poods, or 127,836 lbs.*" See Clarke's 
Travele. 

The bell in the metropolitan church at Bouen, is said to be dcven 
feet in diameter, and thirteen feet hig^. The great bell at Erftut, 
aeBtioiied by Kixcher in his Musurgia UmvereoRe^ wdghs only 
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85,000 lbs. It may be said onhfy Vhen compared to a bell & 
China, sdd^o be in diameter thirteen feet and a half, forty-two feet 
in dredmference, twelve feet and a half in height, and weighs 
120,000 lbs. or above fifty tons. *< The brass bell in Strasbm|; weighs 
ten tons ; the 'other, wfaich'is"<(fi£lv«l',' weighs above two.'^ Bee Dr. 
Mmre's Trabehr- • ■-■ - -^ .,.. , ' > ■ .i 

•Bi 1753^, the old tjoek^n- Yoik Minster' waaTeikcbredilsdcfasbjr 
i^e, and being removed,- IniMhcsr- was made land pift up by Hemy 
HincBey of York, at the ^iqpense of abovt^^SOO. This dodL is. said 
to be Yety finely ezeeuted. - The^ diameter of the laxgest (of a. ring 
of twelve betti,) in YxMrk Minster, wlss fire feet nine and a half indies, 

sindwas 59 ewt. - ^'- j.. .;.. ;j; •.. " 

- In 17)S5, they Were taken down- as tmti!meablei^ and; woe. xe. 
placed, in- die same ^eiir,'by a set'of ten beilsy^cast by Measirs 
Lester and Pack, bellyfounders,. WhitechapeL Hiey axieLof.the 
same weight and sise as those which they cast for Bow Ghureh- in 
London iti the year 1762. Any difference is at leaest too trifling to 
notke. The weight and siifeis below are what were givim forlbe aet 
in York Minstcf . . > 

Diameters ■ 2 o^ 

■ .•■.■■"- • - ■ 2 9f •■•■■• 

- - - 3 

3 21 

3 6 

-..-.. - 3 "ri 

... 4 oi 

- - - 4 3i ; 

. . - . r .- : * 9* - ■ 

- - * A 

June '4, 1762, being hTs Majesty^s birtb^y, (thlit #j6iur late 
and much lamented Sovereign,) who then, entered into'tlle SSlhyti^ 
of his ag^,, the same was observed 'wijfh the usual deloioittt^riuibiis 
of joy. In the morning of that day, the famous new befls'ti; Bb^- 
church, the finest in England, were ruDg.fer the firit'time. 

It may be added, to what has been said of th'i^ 'wdght'oPTh^s g)f#M 
bell in the Cathedral of St. Paul's, London, th&t tliN^ chplifAir W It 
is ISOlbs; the diameter ten feet, and is the bell, on whicli'- ^ 
dock strikes the hours; the quarters i^ strqck M twb loi^ Veils 
underneath. The length of Ifbe pehdulmh '\i f^ tKe ille^t JX the 
baliiiiiib. llie length oflhemnut^httM ft ^ 



, 


Cvt. 


«* 


** 


Ist, 


8 


3 


7 


Sd,. 


9 


1 


5 


3d, 


10 


1 


22 


4th, 


12 


2 


21 


fitb. 
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6th, 
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7th, 


21 
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9th, 


26 
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33 
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16 


IQth, 


68 
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75 Hm ; the lenglh 6f the hoar hand five feet five iochea, its wilghl 
441bt. Thelengthof the hour figures, two feet two and »ligirindi- 
ci; the cireaiiiferenoe of the dial fif^-eerenfeet, whidiia fiilly eigfa- 
teen feet in dianieter. 

The great bell in St. GaM* CathMbal, Edfinborgh, was cast by 
Ifenn. Pack .and ChapaaeBr. WUtsthapel, weighs 25:cirt« and was 
pDt op abOBt dn y«ar l^SJ^ The bell in Heriot's Hospital, and^Aa 
one in St. Cuthbert^s drarch, are qiufih aboot the same weight and 
siae, each weighing 8 cwt. 2 quarters, and two feet eight inches in 



In St. Andrew's church, there is a ring of eight bells ; the largest 
is about 15 cwt., the smallest 6 cwt., cast by the AVhitechapel bell 
fimnders. There was no little ingenuity dis[dayed in hanging tbdm, 
10 as they could be rung without interfering with one another, con- 
sidering the smallness of the space in which they are hung. 

Of late, (1824,) we are informed, that a bell of 18,808 lbs. 
weight was found in one of the valleys of the Jura mountains in Swit- 
lerland ; but how it came there, seems to be unknown. 

The Gong. 

We beBeve some attempts have been made in Europe to make such 
I sounding instrument as the Chinese gong, but without success ; it 
bdng a sort of bell metal not so hard as clock bells, but perhaps some- 
what near to the hardness which church bells have, and, being cast 
into the shape in which they come to us, the great secret in giving 
them that strong degree of tone may lay in the hammering them (after 
being cast,) a little here and there. But this cannot be done with 
safety, unless both anvil and hammer, and gong likewise, are ham- 
mered, when under a very considerable degree of heat, nearly to that 
mider which they would be seen, when in a very dark place, bavins 
the oolourof a dark red. And such a process as this must be attended 
with much ^fficulty and labour, so much so, as to have deterred ouz^ 
sftists (even if they thought of such a thing,) firom trying it. A 
Chinese gong would break into pieces, by applying the hammer to it 
when in a cold state. Experiments have been made, where the hu- 
mui body has stood the temperature of 240° for some minutes, in an. 
iqpartment heated on purpose ; this may show how far it is practicable 
to hammer a goug in a very warm place. 

The gong which Mr. Ludlam had in his possession, may have 
been raised up by the hammer, (as he thinks, and he was pretty well 
qualified to judge of this) from a flat sheet of metal. Any of thetH,. 
however, iSbBi we have had an opportunity of seeing^ were fiat "at 
IxICUm, without any raised np part, and him ati*Uft^ appearance . of 
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having evidently been cast, by the sand-marks that were seen upon 
them, notwithstanding the application of the hammer, as the im- 
pressions made by it were seen, here and there, done seemingly to 
stiffen the gong, and give it tone. In China, gongs are consecrated 
to religious purposes, and stricdy prohilnted from being taken out of 
the country ; so those which come here, must either be smuggled 
away, or clandestinely obtained* Farther on this subject, see Ap- 
pendix (A.) Ludlanfa Letters. 



^ 



CHAPTER XXIII. 



On Clock Chimes and Bell Muaicy mode of pricking Barrels^ 

construction of Organ Clocks^ S^. 

Chime, in its general meaning, is applied to the sounding of b els 
such as change-ringing by church bells, or the striking quarters of 
the hour by a dock on two or more bells, or to tunes played by a 
dock on a series of nine, twelve, or sixteen bells, tuned to thdr re- 
spective notes on the scale. Clocks that play tunes on beUs are 
called musical clocks ; when quarters are chimed or struck by the 
dock itself, for example, on six, or on eight bells in octave, it is cal- 
led a quarter clock, and sometimes a chime dock ; and when the 
quarters are struck by a string being pulled, it is called a pull quar- 
ter or a repeating dock, whether the quarters are struck on six or 
eight bells, or whether they are given by a double blow on the hour- 
bell, as in the repeating watch. A time-piece, or going part, and 
having no hour striking part, but having a repeating part, is by some 
called a silent pull. 

Various ways may be adopted for pricking tunes on the music bar- 
rels of docks. The earlier mode of doing this was by taking a piece 
of writing paper of such a size as to cover exactly the surface of the 
barrel, and in a direction perpendicular to the axis of the barrel, to 
draw as many lines paralld to one another as there were notes in the 
tune to be laid down on the barrel, the lines being equidistant, and 
corresponding perfectly with the hammer tails as they stood in the 
hammer frame. They were marked at each end with the letters or 
notes they were to represent in the gamut or scale of music ; and, 
according to the number of bars in die tune, as many spaces were 
made by lines drawn equidistant and parallel to each other, intersect- 
ing the others at right angles. The junction of the ends of the 
paper, when applied round the barrd, represented one of these bar 
lines. The length or bireadth of the spaces (which might lie either 
squares or paralldograms) contamed between the bar and note lines, 
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Wis agsin dinded on the note lines into as mmj ptrts or speoes m 
die mnnber of crotchets in a bar, and fbr notes of lesser Tahw a less 
ipaee was taken. While the paper was lying on a taUe, the notes in 
thetunopn^posedtobe laid on the band were marked by ablackiidc 
dot on their respective lines, and in the same order as the ban of the 
iiasie lay. Ahet this was done, the paper was pasted on the barrel : 
the note lines now appeared like so many circles traced round theeif^ 
comference of the barrel, while the bar lines lay longitodinally on the 
mahce of it. By this means the Mack ink dots were transferred and 
nuDked on the barrel by a ponch or finger drill. This mode might 
answer very well where large barreb were used, and only one tone 
laid on ; but in smaller work, and where several tunes were to be pot 
on the same barrel, it is neither sufficiently neat nor accurate. 

We are not acipiatnted with the method adopted by those work- 
men in London, who practise the pricking of music on clock barreb ; 
hot having had occasion to construct some musical clocks above thir- 
ty years ago, and having no opportunity of getting the music pride* 
ed on the barreb by any professional person, it became necessary to 
contrive some method fbr this purpose. One way consisted in i^ 
plying the barrel concentric with the arbor of a wheel-cutting engine, 
whose dividing part consisted of an endless screw and wheel ; and 
having fixed other apparatus on the engine for this purpose, different 
oombers of turns of the endless screw were taken for the longer or 
diortar notes, and the tunes were as accurately put on the band as 
coidd be wuhed. Another way consisted in pladng the barrd and 
its train of whed work and regubting fly in the frame. A force was 
sppiBed to torn the band, whed work, and fly round in the order of 
Hiking the music hammer taib, and an apparatus was used to mark 
the dots on the barrel. The fly made 360 revolutions fi^r one tonf 
of the band ; or, should thb be thought too quick a tnun, it m%fat 
be made by dtering the numbers of the wheel teeth to make 250 or 
260 revolutions for one turn of the barrd ; the train or revolutions' 
of the tty bang fixed, were made use of in the same way as the end^' 
less serewin the former way, by taking a greater or a smaller number 
of tarns of the fly for the longer or the shorter notes. Knowing the' 
mnnber of bars in the tune, and the crotchets in a bar, by calculft-' 
tion, the number of turns of the fly was obtained (and parts of a tunr 
if necessary) that a crotchet required, so that the tune might go 
loond the barrel, leaving a small space fbr locking and runmng ; tW 
all that was required to be known : quavers and semiquavers- 
to have their proportion according to the value of the crotdiet. 
iiflMogh the process of pottiBg tunes on barreb answered very weH 
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by both those mjethoda, yet it was rather tediaiis» and attended"witk 
some trouble andembarrsflsme&t in: the- opeacation $ and a laore mapllB 
and easier method of doing this was afberwarda contnyed aiid-ado|Rl- 
ed, by which we could lay on a tune with the greatest accuracy and 
expedition in nearly t^ miputes. 

Although beU music is not of a. favourite kind, yei fer the benefit 
of such dockmakers as may be disposed to construct music clockfly 
and have not the opportunity of getting the music pricked on the bsr- 
lel by those whose profisssion it if to do this aort of work, we shall 
give a description of tl^ toed and ita aj^ratus, which will be fimnd 
very well adapted folr this purpose, and also of the manner of vsing 
it. ■ 

Having a good strong tmrn-benph^ auch as those, used bgr dock* 
makers for their laigeflrs^ of wozk, to the standarda or heads of it 
let there be at^M;I^4 supports on each side ; to the supporti on tiie 
side nearest the workman, let there be fixed a straight cyliiidrical iBod 
A; B, Plate XV II. 79, about- ten or twelve inches k)ng,'<and in diame^ 
t^ a-quarter of an inch, or even three*t«iths of an inch. ■ -A spriiig 
socket: CD must be made for this rod to slide eadly and steadily along 
it, somewhat like the socket which slides oh the -upright stalk or md 
of a watchmaker's glass stand. In the thick and strong part of thb 
socket £ is fixed a steel arm £F6, bent into a curve, which liea over 
ai^d- above the music barrel when in the turn bench, m ahown in -80, 
at EFG. The steel rod AB may at {deasuie be placed at any distanca 
from the barrely alxHit an inch or rather more^ and shqtdd stand paand'^' 
lei to the barrel arbor MN, and nearly in ld^«ame plane with it, but 
rather a little above this than otherwise. On .the outer end of tiift 
curved arm is fixed a flat piece of steel G, a Ulti^wu^ than halfan 
inch longvin breadth not quite so n^uch, and about (Kne-tenth of an 
inch thick. The loww and fraQit «dgMof tUs flat piece of tteel 
should beneatly and smoothly rounded off, sei^a to allow it to cone 
easily and freely into the notches ici, b, e,-fcc. which are aa the edge 
of a thin brasa scale, whose use will come aft;env:aidai;o ba^ig^ned; 
Ta the supports attached to the turn-bench heads, andfon die eppe^ 
site side to that wheaie the loundateel rod is placed, let these be As- 
edasUp of- brass XY, about ten or' twelve inches loi^, an inch and 
%..half broad, and nearly a fenth^oTaniii^ thick,, ihe inner redge of 
^I^ich must be made to stand parallel with the barrel, and the flat 
side to stond nearly in a plane between the upper surfiMe olihe ber- 
rel a^d its centre, the edge bong placed so as to stand dear of the 
t<^ of 4he toeth of a high numbered whed WW screwed on to the 
^of (h^ bamL Niear thoendi of thia slip of braaii slits ate mad^ 
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^hwyigh ihM> • qo f w^^, ^ pp^, frMoh^acrev ii lo the upper sdt ofitht 

9^PpQn%i the iliU MTVing to allaW k to bn n^V^ ^ ]ltt]#> nii>r>^nf^,^j|y 

l4igthwi|i when miuired. On the upper tide of the slipcf hnm » 
fij(e4 m^Uiers biU not qoHa «o thick, the length being about that of 
the hvrelt and breadth one inch and three quarteci. On the inacr 
«dge ctit liis are made aa many notches «, &, e^ lie. aa there are haM«- 
mem^ belkt or «ptaa to be uaedio the tnoe at tunee to be marked cm 
the barroL 'Ilffse nol<ehes are equidistant, and the middle ef them. 
ihoiUd eorfsspend to the middle or line of the hammer tails; lihma 
vidA hpiplg. 8)Aeh as to udmit the flat steel i»eoe 6 on the end of the 
wmdeicm £FG; thedepth of themoit on the edge ofthehmm 
ihoiild be aheut one quarter of an inch. The edge of this pieoe.tif 
kail, qr mnaie soale m it msgr. be caUed^ must also stand parallel witk 
J be> m n aBl»aodat alittle distance from il, net nearer than throMentha 
sf in iiioh, 4alhat the flat steel piece on the end of the curredann mqr- 
haie room to gel in a little way, and to pass through at the same time to 
a eectaiii degree of depth. On the upper side of this brass slip, the letters 
of the scale of mnsic or gamut are marked to those notches which oone« 
WfonA vitli the hammer tails, and hammers intended to strike on the 
beUaShe notes 80 marked; but in an invcarted order to the usual way in 
whidi ihey are marked in the scales of mMsic, tlie lower notes being 
ea the n^ hand aide, and as they nse going to the left. This ia 
done te.suit the way in which the bells sre commonly, though not nih 
rrmirily, pieced in music clocks, see 81; it is in the power of a dock- 
maker, at any ingenuity, to oontrive the barrel to turn any way he 
thiidv psoper, and place the beUs to stand in the order of the muaio 
scale, if there is any advantage to be derived from it. In the curved 
arm E F 0, 80, is fixed a punch /, having a very tne and sharp conit 
oal poisit, at the distance of four inches or so from the centre of the 
lUdingsockefc, and not qutto an inch from the outer end of the flei 
iteel piece ; the punch, when ^iplied to the barrel, should stand upi 
light, and diaectly over the centre of it. I'his apparatus being leU 
st^instedi as we have directed^ it is evident that when the curved atfm 
ii imsed up a little way, the socket can then be made to slide easify 
sisng the steel rod, and by this means bring the outer end of the flet 
Apiece very readily into any notch required, akid the pmnt of the 
is faspu(^t at the same time with the greatest precision to the 
phos of the noto on the barrel, leaving the flat steel piece for the 
time in the notoh. The point of the punch touching or resting 091 
the baml, a stroke from a very small hammer on the top of it will 
cause the point to make a pretty deep mark or conical hole on the 
ssfiwe of the bqnrel. 
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It nowiemain8 to be shown how the time or the lengths of the dif- 
ferent notes are determined. Long or slow, short or quick notet, 
such as the minmn and demi-semi-quaver, are not well suited to bell- 
music, and, of course, are seldom introduced into tunes chosen for it ; 
the crotdiet, quaver, and semiquaver, forming the greatest part ixf the 
composition : the minum and demi-semi-quaver may, however, be 
brought in at some parts. It may be unnecessary to state, what is 
pretty generally known, the proportional value of the notes to one 
another ; suffice it to say, that a minum is equal to two crotchets, m 
crotchet to two quavers, a quaver to two semi-quavers, and a semi- 
quaver to two demi-semi-quavers. The time in which the barrel 
turns, after striking or lifting a hammer-tail, to strike any note on a 
bell, must be in the same proporticm with the notes, according to their 
respective character. Let a wheel of 250 teeth, for example, bo fixed 
on the end of the barrel, and let both be {dacedin the turn-bench, with 
the apparatus which has been described. To the turn-bench is now 
attached a steel or brass spring, having a knee or bending at one end^- 
so that it may fall into the spaces of the wheel teeth. 

The tune proposed to be laid on the barrel, contains 80 bars of 
three crotchets each, being 60 crotchets in all : if 860, themmiber of 
the wheel teeth, is divided by 60, the number of the crotchets, we 
shall have four for the quotient, and ten for the remainder ; showing 
that we may take four teeth spaces for every crotchet, ten, the remain^ 
ing part of it, serving as a run for locking, and the other part for a 
run at unlocking for a tune to be played. Now, as a crotchet is 
equal to four spaces, a quaver must be equal to two, and a semi- 
quaver equal to one. Suppose the first note, in the tune proposed, is 
F. 79 i the curved arm is brought to the left hand, and the flat 
steel piece put into that notch ; the punch is then made to mark 
the barrel ; and this being a semi-quaver, or the fourth part of 
a crotchet, the spring index is shifted into the next space of 
the wheel teeth, and the curved arm moved to the next note, 
which is 6, on the left hand, and the flat steel piece being pot 
into the notch corresponding to 6, the punch is made to mark it on 
the barrel. This being a semi-quaver also, the spring is shifted into 
the next space, and the curved arm moved to note A on the left ; the 
steel piece b put into the corresponding notch, and the punch mads 
this on the barrel. A is here equal to a quaver and a half; there* 
fore the spring index must be moved over three, or into the third 
space, and the curved arm moved to the next note, being B, on the 
left hand ; the steel piece being put into this notch, thenote is mark* 
ed on the barrd ; and as it is a semi-quaver, one ipaoe is taken for 
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it, wad the ann mored to G. This being marked, and an it U a qua- 
▼er, two apaoet are taken^ and so on. When crotchets are nuurked, 
four spaces are taken after marking them. In the tune which we 
baTe used, nine bells or notes are all that are required ; and three 
moret <" & doien, would gire such a compass as to take in almost any 
tone that mij^t be required In place of the spring index, it would 
be belter to hare a sbigle threaded endless screw to work into the 
wheel teeth, one turn of which would be equal to a tooth or space. 
The arbor of the screw being squared on one end, and a small handle 
fir taming it being put on, there would be less danger of making 
mistakes with the screw than with the index. On the arbor of the 
screw there might also be put a hand or index to point to a circular 
ipace or dial of eight or ten divisions. This would give room to 
make parts of a turn, where great nicety is wanted. After one tune 
is hud on the barrel, either it or the music scale must be shifted a 
short qpace when the next one is to be put on. To shift the music 
scale is perhapa the preferable way of the two ; and the spaces for 
shifting should be marked on the top of one of the supports, and close 
by one end of the long slip of brass ; or they might be marked on a 
short line drawn longitudinally on the surface of the barrel at or to- 
wards one of tibe ends of it; or by taking both methods, the one would 
serve as a check on the other. The length of shifting depends on 
the distance between the hammer tails, and the number of tunes to be 
put upon the barrel. For example, if the distance between the ham- 
mer tails is fiour-tenths of an inch, and it is proposed to put eight 
tunes on the barrel, then if we divide four-tenths by eight, we shall 
have half a tenth for the length, or space to shift for each tune ; and 
this is taking advantage of the whole space between the hammer tails, 
a ciicumstance which is frequently overlooked ; for where the shifU 
have been confined to a less space for shifting than might have been 
got, SD much room is lost. The distance between the hammer tails 
depends on their niunber, and on the length of the barrel. We have 
made the distance a quarter of an inch, where the number of ham- 
men were eleven, and the length of barrel about three inches and a 
fiarter, the number of tunes put on the barrel seven, the spaces for 
shifting were three huncired parts of an inch or thereabouts, and 
where the dock of itself shifted the tune. When the hammer tails 
sre thin« a number of tunes could be made to have their shifts in a 
very sfaivt distance between the tails ; the diameter of the lifting 
pina must also be taken into account, being of some consideration 
where die qwces for shifting are extremely limited. Althoij^h we 
hate taken the number of the wheel teeth for dividing the notes at 

2 k 
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'tSOy yet'dtk^^a J^reater or a less immber^ay 1)e'aiMnii5d'; 'ill diat 
is required, is, to propottion the nttmber of tiii^a of tlie endless 
screw, tod'parts of a turn, to the number if 'bars in the tttne, to^lAie 
notes in each bar, and to have the tunes to go nearly"rofa3 'the' bar- 
rel, so that a small part of a terolution '6f it, after 'tKie^fid!e'!B>''^playM 
over, imay be'left for what is called iockinffiatid ri^niifg. ^tf^&ii' 
viding whe^rwas taken at 128 teeiih, and th'e'tune^bdbgHfiappbfeed 
to have dO bars, each bar having three crbtcliet8,'il8'in the ibifiner 
example, 128 teeth divided by 60, the number of crotchets, ibe quo- 
tient wotdd be two, and the remainder would be eight ; so -that iiafch 
crotchet would require two teeth or turns of theendlcfss^serc^, ^ 
quaver one turn, tod a semiquaver half« turn, -and 'the* tenhdnihg 
eight teeth woidd serve for locking aiid mfuntig. ^When19ie' tnries 
are all marked on the barrel, each inark must be drills -to ^"dMifin 
holes fer the lifting pins to be driven into them. 'Great eaorevliottld 
be taken to have a stiff and excellent drill, to im to hin no rift ^'of 
breaking, which would occasion a great deal of trouble ; foA it lihmJtld 
be of such a teinp^, and well and judiciously whetted -u{v ^ ^^^ 
it may drill all the holes without requiring -to be once Aarpeoed: 
the object faereis io have all the holes of the same width, so Aat 
the liftitig-' pins Tttay'1)e all of the same £Bameter. The holefl bieing 
drilled, and the barrel polished, a number- of pins should be prepififed 
into lengths of half an inch or so each,^nd a very little tapered 'at 
one end. The stronger and haider the l^ass wire for the ptns is,- bo 
much the better ; some of the best kind of pins used in die female 
dress are very fit for this purpose. In plikSmg the pins in Ae holes, 
if they should be found too long for' knocking in by- the halBtBervthiey 
should be shortened by the cutting plyers before the hataimer is -ap- 
plied, which will prevent bending, and allow the pins to have a mere 
secure hold of the barrel rim. After all the pins are put in, thby 
must now be shortened to an equal and proper length or fieiglit. ' Fiat 
this purpose, prepare a hard cylindrical steel eolletyhirdng's'Mefin 
its centre sufficiently wide to allow it- to* be put readKly btf the pins ; 
the lower end of it hollowed, the upper- end rdvAdcfd, itedthe lie%ht 
of the collet about one-twentieth of an inch dr a'Ktile tedre; ihe 
height depending on the size of the barrel and the dianieteriaf tiie 
inns. The collet being placed on a pin, the cutling ptyeware^afp^* 
ed to cut the pin just over by the rounded end ; a siilUI MuUi'^a 
file takes away the burr made by cutting, and as die hardnta at die 
collet prevents the file from taking any mbre away from tiieho^txif 
ene pin than from another, they mOst idl be ^^'itfflkl liei^t. 
This iqperation being flnisbed, die «nidl^ bUn^niidd MMihll^HMkm 
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fkmhf the ^kjMMtlie takm off; thii iif diHe by • fieor iof At»tl 
siie, abint jix 40* lem indmi long. Tbe (N|d wkese il 10 tiwifled 
dbOTH Iqr *die fcxefinger asd diunb, «boU)d, for the l^qgtb of an inch 
mn^fht mmim into an ocUngular iorm, for the moie netdily ittrning 
il nmMl backwaid and forward. On tbo face or poiot of the 4»lher 
aai, taro .noCclieB are Hiade tevoeaioacb othar, vhioh may be eiibor 
aagular .or conad at bottom ; the kiter tmf be tbe better of the t«o, 
if n^tly esecuted, and ahould be made with tbe round edge of a 
iat file, vhoBe diicknev diould not (be more than the diameter of the 
fins. Xfae fK>int where ihe notdies are cut nhould be hardened, and 
4he inaida and bottoai of the nalchei poliehed, so that a sharpness 
auf be gmn to take away the basrs easily from tiie top of tbe pins. 
Tbe shape af the hammer iflj is audi as is represented at 81. 
a fixm winch makes the hammer easy enough to be drawn, and 
4m nib of the ttdl takes little or :no room whoi falling ; and should 
tMo fiam or notes auceeedeacfa alhar n^adty^ :the nib <Nr point of the 
kamsniw/tail wttl sat be intermpted by the auoeaediog [»n. In the 
jfaet tiaaal docks, and ioven lin ihose made long afterwards, the bells 
«SBe iall.fiaeed on one istrong imn.beU stud, the opposite end of 
afaieb^was aapportad.by what •may be oalled an auxiliary stud, which 
aecasianed a orampness diat pieveated the bells, when they wore 
•Hmdk.by -Ae haaHners, £rom Wfaraftiag, or giving out that full tone 
which lihty might have otficrwiae been made to produce; and the 
.imfO¥«Mf«r made an this, m weU as on the quarter bell studs after- 
annds, a«a . edbeted by placing each b^ separately on its own baU 
alMJ, jwhieh was made df wall-bammerad brass, having some d^prae 
aC elaali4tty. The sweetness given to the tone af the bells by this 

mm truly surprising. The : bells in this kind of music may 
at the time that a sueoeeding note is struck out isod 
iOSnndiiig too, rwhiohmay not be sopleasant to a very nice ear. This 
.aaniba:preiiented hy having a double set of hammers, and having 
.Mveqf lime .pinned twice over on the barrel, one set of the hammers 
Janonig'tha liaais of buff leather, or having a brass he#d wiM^ a piaee 
.a£cMlJ0iied over it. These, when they strike tbe bell, will dump 
ihe anmd of the note whioh is kst struck. The buff hammer should 
iUl aniha bell tobe damped, at the same instant tlyUr the brass haBS^ 
atrikaa the succeeding note on its bell. This improvemepit, 

r, fflmst greatly increase the axpence on such a elp<di: ; but tbe 
of boff ar doth hammers is so striking, that the additional piife 
apghi nofc to ha grudged. 

im iPJate XVIi. 81. A A is acircle representing isn and ,vii«w 
iaf.stcladk;mma€:terrsl,.andaJsw af ibe Jifting fimh Tiit^dyt 

2k2 
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shows the direction in which it turns. The letters a, a, a, a, re- 
present a section or eiid view of a brass piece thus shaped. The 
length depends on that of the barrel, and the number of hammers to 
be let into this brass piece, which is called the hammer firame^ the 
length of it being sometimes three or four inches, sometimes ten or 
twelve. The flat part of the hammer^ails fills up the thick part of 
the hammer frame, into which sUts are made to receive the hammers- 
Near to the outer and lower angular part at a of the £rame, a hole h 
is made through the whole length of it, not drilled, but ploughed, as 
the toorkmen call it, and this is done before any slits are made in it 
for the hammers. A wire is put through this hole, and through cor- 
responding holes in the flat part of the hammer tails. This wire .is 
their centre of motion, and the holes in them are made so as to have 
freedom on it, and the flat part of the hammer tails are also made to 
have freedom in the slits made to receive them. On the under side 
of the hammer frame at b, the hammer springs c, c, are screwed, oue 
for each hammer, acting on that part of the hammer tail jmt where 
it comes out of the thick part of the hammer frame. When tlie pins 
in the barrel raise up any hammer by the nib, and carrying it away 
from the bell, at the instant the pin quits the nib, the spring CjC, by 
its returning force, makes the hammer head give a blow on the bell 
to elicit the sound. To prevent any jarring in the bell by the ham- 
mer head resting or touching it after having given the Mow^ eadi 
hammer has a counter-spring acting near the lower end of the ahank, 
and inside of it. All the counter-springs are made to project from 
one slip of well-hammered brass, and screwed on the top of three kneed 
brass cocks, fixed to the upper side of the brass frame, d diB a view 
.of the side of one of the cocks ; and e e an edge view of one of the 
counter-springs, //is a side view of one of the bell atoda, which 
are also screwed on the upper side of the hammer frame : an edge 
view is seen at //, 81 . g^ g, gy g-, are edge views of the beUs. 
gy gy ^* is A side view of one of them as fixed to its sliid. In 
some musical clocks, in place of the barrel being made to. shift for 
change of tune, the hammer frame is made to shift, carrying with it 
di the hammers and bells. The change or shifts of ^ barrel ia 
either done by the hand or by the clock itself. The mechimiam fiir 
this commonly consists of a wheel fixed on a steel arbor, on theaqnare 
of which a hand is put, which points to the name or nnmber of the 
tune marked on a small dial, at which the barrel for the mooiait 
stands. The diameter of this wheel is about oniq inch and a half, 
and sometimes, more or less. The lim is a strong and tUd: hoop or 
eontrate form, bavhig as many steps on it .as there are tunes set on 
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the btnel, the height of the steps being equal to the space from one 
tone to another. On these steps rests the kneed end of a double le- 
ver abont four indies long, whose centre of motion is in the middle, 
and ia either upon strong pivots run into a kind of frame, or upon a 
stout pin, which goes through the lever and the brass stud in which 
the lever moves. The other end of the lever bears on the end of 
one of the pivots of the music barrel, which is pressed against it by 
meaiia of a pretty smart steel spring, acting against the end of the 
cfpoeite pivot. Concentric with the hoop-wheel, and fixed on the 
same arbor, is a star* wheel of a number according with the steps on 
the hoop-wheel, a jumper with a pretty strong spring, works into the 
slar-»whed, by which means the barrel is kept always to its place, by 
the lever bearing at one place on every step. Although the Figures 
which have been given to represent the hammer frame, hammers, 
•pringa, and eounter-aprings, bell studs, and bells of music striking, 
are not exactly like those which are commonly made to strike quar- 
ten in docks, yet they are equally well calculated for the purpose : 
only the nibs of the hammer tails need not be so far from their centre 
of moCioii, being less confined by the pins in the quarter barrel, 
whidi are fewer in number than those on a music barrel. A quarter 
banrd need not be much in diameter, if five quarters are only to be 
put on it If ten is intended to be pot on, then the diameter should 
be doaUe that of the other. 

Afier having described the method of laying down the tunes on a 
music dock barrel, it may be thought unnecessary to explain the me- 
thod of putting on the quarters of a clock quarter or chime barrd. 
Bot, simple as it is, we conceive it will be both interesting to the ge- 
neral reader, and acceptable to workmen who may not be in the habit 
of co n tr i ving for themselves, or who may not have had an opportuni- 
ty of seeing it executed by others. 

Quarters are commonly struck on a set of eight bells, from G to 
6 in octave, or they may be numbered 1, 2, d, &c. on to 8. The 
quarter barrel may have eight circles fiuntly turned on it, so as to 
correspond to the quarter hammer tails. Five, and sometimes ten 
qpnrten, are put on the barrel ; we shall, however, in this instance, 
only ky fire on the barrel. Take a whed cut into 50 teeth not 
wmided off, and screwed temporarily on the end of the barrel ; pro- 
vide an index, and a piece of brass bent so as to. apply to the barrel 
when in the turn bench, in the manner of a straight edge, and the 
index spring tight in the teeth ; take a point, and make a slight trace 
across the drcle, which corresponds to high G or No. 1, then move 
the index a tooth, in the direction the quarter barrel turns when mov- 

3 e3 
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ed by the wheel work ; make • trace aeroat thd drdfe intended, tat 
the second hfltemer, and so on. When Ae eighth cbde' kaa bMO- 
xaarked, move the index two teeth or three vpacesv ^>°^ tractf here ftw" 
the first hammer of the snoceeding quarter, and so on till the: whokr 
ii ccnnpleted ; the barrel may then be drilkd and pinned aoeofdl^g^ 
ly. Shoold the intervals between the quarters le thouglrt loo Ktde 
for locking, the wheet in place of 50, may be cut 55^ and iim will al- 
low three teeth in place of two for the interpahy tlie hannaera wffi^ be 
then a little quicker in their successionf to owe another.* Gr A, H^ 
C, D, E, F, G, may abo be rcpresenied by tKefifiorMy 1,8^3^4^11^ 
6, 7, and 8. No. I beingthehighG,and8dttrliiwCL Tbediangea^ 
giveif in the foMowing set of chimes or qfumrteni, wil exhibit bovr a0» 
pvoceed in putting them on the barrel, afbiftr what hai been ainady 
said, it will save trouhfe even to a good readke of nrasicv bat moiif 
more so to those who cattnet read il, to have the sfndghtt edgia yiew 
of brass, numbered ftom the bdls, 1, 2, 9| 4^ 4^ htf . so aa to conas- 
spond with the fidnt traces on the quarter baml^ dr with die bail-* 
mer tails ; let the notes of the chimes bavw tM^ mmber loaslMd aa 
in the example given here, in the eider tfeey stand in tfaegaant % by 
dus means the notes can very quidif ber trnfaafatid to Ae ImmbL 
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With the number of 8 belle and hammera fmr the qnarleia ef • 
chime or quarter clock, a great variety au^ be produeed^ aadwhai# 
it may be preferred to have the chime or quarter baitel to make one 
revolution for the ten quarters which ai«|pven in the oouiie of eveqf 
hour, we shall give a specimen (tf a set of chimes which aoay be fM. 
on such a barrel. The wheel put on tor this must have 100 tiiath^ 
taking the same steps as with the wheel of 50. 



j^Htof GhiMe^for, Chck Quiwier BarreU^ which make one n'nf/u- 

iion in an hour. 
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Organ Clocks- 

Xh^t myric which ia produced by clocks with oTgan barrelB, must 
l^e. |[reatly prefenble to tbjit of bells, and the apparatus for miurkiiig 
the. pifne^ on clojpk banceU is equally suited to 4o the same on barrels 
intended by machinery to work oc to sound the pipes o( an. oi^an ; 
the difference consisting in marking off on the barrel the spaces of 
the longer and shorter notes^ as in pla.ce of pins they have staples or 
bidges of Yarioos lengths, according to the length of the note, or the 
timp which the pipe should be allowed to sound it : The v^ry short 
notes are by pins of different thicknesses. When an organ part ii 
put to a clock, considerable power or force of weight or spring is re- 
quired ; small as the organ may be, or its wind-chest, some force is 
required to work the bellows, so as to keep the wind-chest full and no. 
more. To work the bellows, that is, to move the lower board of them 
up and down, on the inside of which is an air valve that opens on the 
board being moved downwards, and on the motion upwards it shuta^ 
and the air being then comprised, it is forced into the wind-chesf 
by a communication between them for that purpose, and is ready to 
give sound to any of the organ pipes the moment when any of their 
villves should open* This operation with the bellows, though of a 
different shape, is just the same as with the comn¥)n bellows when 
Mowing up a fire. The bellows is wp^ked by means of a short crank 
AjjBsd on one end of the arbor of an endless screw, which works into 
9^ trundle of a high nunibered piniouj which is on the end of the or- 
gian barrel, and nearly of the same diameter with it. On the other 
end of the endless screw arbor i^ fixe^ 4 small jagged pulley, pver. 
wlpch i^ put an endless silken cord, which being continued, goes 
round another jigged PuUey on the en4 of a pinion arbfur of one of 
the quick running or fly wheels in the organ train* Tbefe l^fhoda 
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are regulated by a fly, by which the velocity of the organ barrel in 
turning, is brought to keep the time required for the music. The 
wheels, on being impelled by the moving power, which is. considera- 
ble, (being greater than that used in bell music), communicate their 
motion by means of the endless cord, and turn the organ barrel. The 
pins, bridges, or staples, on the barrel turning, act on. the tails of 
levers nearly similar in form to the hammer tails of the bell musical 
clock, only they are a litde longer, and equally moveable on a cen- 
tre or wire. The other arms of these levers are in an opposite di^ 
rection, and are about the same length as those which are lifted by 
the staples on the barrel when turning, and are a little: broad and 
flattish towards the ^d, where the imder side (on the opposite ends 
rising) press down on the upper ends of the slender rods, whose low- 
er ends then, by this means open the valves of the organ pipes, and 
the sound is prolonged according as the lift is pins or bridges. What 
has been described constitutes the chief machinery in an organ clock. 
Many ways may be contrived to set the organ barrel in motion, and 
at the same time while playing, and at the end of a tune, to make 
the dock of itself shift the barrel from one tune to another. 

By experience, when making up an organ clock, we found the mak- 
ing of the bellows to be rather a nice piece of business; if the lea- 
ther is on the thick side, it requires a great force to work them and turn 
the organ barrel at the same time ; the bellows leather should be of the 
thinest and finest kid, such as that of which ladies gloves are made ; 
by this means the force necessary to work them will be greatly les- 
sened, though still considerable, as it consisted of two large barrels, 
three inches and a half in diameter, and near to two inches broad, 
each containing a pretty powerftil spring ; the two fusees, on one ar- 
bor, were in diameter at the base, near to two inches and a half. In 
the organ train of wheels, the numbers of the wheel teeth were 80, 
70, 60, and 16, the pinions 16, 14, 12 and 4 threads to the endless 
screw, on whose upper end the wings of a fly were put, the fly wheel 
of 16 worked into the screw ; the wheels, barrels, and fusees were 
contained in a double fitune, composed of three plates. It may easily 
be conceived, by having so great a force, that the first or great whed 
would require to be thick, and to have strong teeth, the leaves of the 
first pinion of course to be also strong. The double frame, with the 
wheel work for driving the organ barrel, was fixed in the upper part 
of the clock-case ; the organ barrel, bellows, wind-chest, &c. were 
placed in the lower part. The clock, a spring one, struck the hour, 
and the quarters were struck by a double blow, the pendulum 15 
inches in length, the whole got up in an elaborate manner, yet we 
trust not injudiciously so. 
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Mutical Springs. 
Within these few years « new species of music by steel springs 
has been inrented at Geneva. Firom the smallness of the ma- 
chinery which plays the music, it is very surprising and curious, 
as it has been ptit into rings, seals, watches, and snuff boxes. Two 
ways are used to lift the ends of the ^rings which give the diflfcrent 
notes ; one is by a very small barrel^ the other by a plate whed. 
The last being more adapted to take up little room, is chiefly used 
in watches. The space for the springs fidling; after being bent up, 
is short. A doable set of firings for giving the same notes is Hiade, 
without which the beauty (tf the music could not be produced. The 
number of springs varies, for the most part, from sixteen to twenty- 
four, or upwards. Those springs which are lifted by the barrel pins 
are straight, while those which are lifted by the pns in the plate 
wheel have a sort of part projecting from the end at one side ; and 
this side edge of the spring lying over the top of the pins is taken 
away so as to dear them. The projecting part at the end of each 
spring correqKmds with its own IHting pin. As the pins are on bodi 
sides of the plate-wheel, this allows a greater variety of notes than the 
barrel can perhaps admit. The springs on the iqiper and under sides 
of the plate-wheel are sometimes sixteen or seventeen on each side. 
On the plate-wheel are traced 16 or 17 concentric circles, for the pins 
to meet their corresponding notes in the springs whose ends, come 
each to their corresponding circle both above and under the plate- 
whed. An apparatus on a small scale being made like that which 
has been described, will serve to put or mark the places tar the notes 
both on the barrd and the plate-wheel ; the only diflference is, that 
the barrel will require to be marked by a curved arm diding on a 
sted rod. The concentric drcles on the plate-whed, roust have short 
and faint traces across them : This is rq^ulated by a thin straight 
edge laid in an oblique direction across the drdes, and the intersec- 
tions are afterwards marked by a point. The qnrings may be eadly 
tuned to their respective notes, as the least thinning or shortening 
them will make a very sennble alteration on the tone. The tongue 
of a gteet trump, or Jeufe harp, showsj in some degree, what may 
hedonein this way by steel springe. The train which rq^ulates this 
very minute musical madiinery, as may very eadly be concdved, 
must be compoaed (tf a few very small wheels, the motive force being 
proportionably small. It must be a great efibrt of patience and in- 
gencdty to make them play two or more tunes. However beautiful 
and ingenious the machinery of these small contrivances is, they can 
only be considered as toys for amudng children. A spird steel spring 
has been lately introduced into clodcs, in pfaM^e of bells. 
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(A.) 

Edinburgh, Mh Feb. 1788. — The following tare copies of Letters 
given me by my good friend Mr. Johh Holvks, wttchnriEer, 
London^ for information on the subject of Turret Clocks, and 
were sent as such to him, by his ingenious fnends, Mr. John 
Smsaton, engineer, and the Rev. Wm. Ludlav, Professor of 
Mathematics, Cambridge. T. R. 

From Mr. John Smeaton to Mr. John Holmes. 

Ansthorpe^ 5th July, 1779. 
Dear Bsotiirb H. 

I congratulate you on your contract with the Board at Greenwich 
Hospital, so much to your credit ; and doubt not but you will give 
satisfaction, only wish you had had a little more money, for though, 
I think, you may save yourself, yet I would have wished you to have 
had an adequate recompencc for the invention, care, and attendance 
that must be necessary in such an undertaking. When I mentioned 
giving my opinion, I did not mean to give you a plan ; fer that never 
being put to me, I never absolutely fixed upon ; I only think in ge- 
neral, that the plan commonly used by Father Hindley, for many 
years past, was elegant and commodious, in giving liberty of length 
for the barrels, without inelegantly lengthening the pinion arbors ; but 
as, especially in his latter days, he got into many schemes, that appear 
to me to be much more cost than worship, my meaning was merely 
to chalk out the outlines, in order to weed out those things, that create 
much trouble and difficulty, and mean little ; and to mark out thoae 
things on which a good perfarmance» so as to give satisfiu^ion to the 
public eye and ear, depends ; and I am glad to see, both by your 
proposal and wliat you farther say upon it, that your ideas and that 
of the town artists, are very correspondent in the outset with my own ; 
and as you are pleased to say, you shall not stick a spoke till you 
have heard from me, I shall give you my notions in the rough, as 
they run, that this great work may suffer no hinderance by me ; and 
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perhaps it may be saving of time to say, that I never saw any work 
of Hindley's that, upon the whole, gave my mind so much satisfiie- 
tion, as that executed &t Bishop Thorpe. Istly^ A clock with mi- 
nute hands, two dials, and to go eight days, in so exposed a situation, 
should not only be made stout and able, but so contrived as to go 
through thick and thin ; that is, aim it rather to keep going tolerably 
with very different powers, than framed for accurate measure of time, 
when a pound or two too little shall make it stop entirely. 2dly^ On 
this view I totally reject the idea of going with two wheels, which 
distorts every proportion, and puts .ev^ry thiqg in dtstxeaa, and ifll 
this. to save a >vai;y trifle of ^friction, which Mt. Haneiaon vefy justly 
observes, rthat in clock-work (even intended for an aaeurate iMfiBure 
of time) -means aothiBg, .provided it is always equal TherpvofOflition 
here ^eemsrto be, oiot to make the clook ;go with the least W6iglilrfx>6- 
flible, but to make it bear as much as poasiUet without «rtiital de- 
rangement of the time ; for this reason, Sdly, I would not wish the 
pendulum to 'be longer than to (beat 30 per minute, <biit «would give 
it an heavy ball to swing out well, with a deep ^scapement, and to 
admit "the angle of vibration without banking, to be fully double, when 
the clock is clean with all its movements on, and in calm weather, 
to what will let it ^scape. I say a ball, for, in tbis-casey I shouldjire- 
fer a sphere to a lens, that it might take the more air^ and bear tke 
more weight ; which figure is also subject to 'the least ohange firep 
accidental currents of air. Hindley^s suspenaion aadfinnplioitMi fkf 
the crutch I think .exceeds all I liave seen. 4/A, For tbe:iei|S09s 
above* the -.teeth of the swing-wheel should -be deep, and ihat-itbe 
w«ght and pressure may not produce an unreaaonaUe beat in the pd- 
-lets, I would advise the working part to be -at leaat one inobin-tliiQk- 
ness:; and that the activity of the main weight may noCbecDrhed by 
rthe sluggishness of the swing-wheel, I would not allow it aboive30 
te^th ; so that allowing about half an indi to atootSi, it will ibeslMit 
£ve inches diameter. As .to the '8ciq>emettt, J woiilflrneither^inakeit 
dead, nor with the conmion recoil with planes, ^but with eocredrfial- 
iets, so that the .extreme of the recoil should he-dead, asid\lKi0, J 
think, was somewhat near what fieither Hindley ultiniately ^came i«lo. 
JUhj According to the above, the swing-wheel will gq connd once in 
two minutes ; and if in other two wheels the turns he'taken,-6 X S 
will .make the .minute wheel go round in an hour; and if tbia is 
driven 8 turns by the barrel wheel, the barrel will come out 9 iaehes 
.jdiameter ; or if 7 turns near upon 8 inches, whidi .perhaps miqf be 
more commodious, on account of winding up easy, without any par- 
jcliaselait .a xommon handle, ibis will.|pve.you ooarae.pitdMiy wilh 
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kigh nombetM pinkms, ftid kMp the #heek4)f'v«ry to4diM(MilMi ; 

and HB ymi will luii'e but34 tiinuioftlielianeliti«iieea«9/«Eril874^s 
in the other, thie will gite yoa «n inch to -a oont, tnd keep the 
harrel of Tery niedertte length ; 'nobody will confide in* the strength 
ofyevr work, or the strength of your oerd, if but one-third of An 
indh in dioneter ; tnd'in public worke eppeAmnoes^ftre to beregsifl- 
cd. If the' angles of the minute spindle ure considerable, ' I should 
|ffeftr wheels to the universal joint. Be Ycry ^ear^All to nndce the 
teedi «f * the dial work lit as close as possible, otharwise rthiAk'the 
continual agitation of the wind will produce toamuch ^rear in that 
part. 6/A, Respecting the dial work, I would not only balance the 
hands very nicely as to weight outside, but also observe to propor- 
tioir the ^puMtity of surfieiee in proportion Uy the dislilnoe fron the 
centre, so that the power of the wind shall be in equal balance both 
frontways and edgeways ; the balancing parts being painted black 
upon black ground, will either not be seen or not regarded. I would 
not use a cock socket, but let the hour hand be hung upon a socket 
of at least 3 feet length, bored truly, and the minute spindle turned, 
and nicely fitted thereto ; this will throw the wheel work so far from 
the face that a man can get between, and oil the outward bearing of 
die hour hand ; and, if thought necessary, a cap can be contrived to 

^'hold oil ; the lung socket can be made to admit oil to the spindle 
thit>ugfa holes in the socket, ^thlyflwould conduct the striking 

' part upon the same principles ; but as you will be obliged to strike 
upon' the second wheel, I would take as many blows as convenient 
in the- time of it, (suppose 8) in order to get an high numbered 

' pillion, which, I think, is here material ; and Uien 61 turns will 
bring you about to the same calculation in respect to the barrel as 

'the' watch part. I would not, to save a running wheel, have the fly 
ef a large diameter, and would make it as heavy as possible, so as 
not to offend the ear, by too sensiUe a difierence in the pauses be- 
tween the 1st and 2d, and that between the 2d and 3d, and subse- 
quent blows ; the advantage of this towards continuing the moti6n 
with as little loss of power as possible is obvious. 8M, In respect to 
the pinions, I would make them either in the compound way of Mr. 
Hfndley, or cut out of the solid, as they come cheapest. If made 
of iron, they are sufficiently lasting, if well figured, nor would I be 
at any cost to render my work perpetual j for you see clocks may be 
melted* as well as worn out. Brass wheels I think very sufficient, 

e In tHoibn to the (h-eenwicb Hospital ^dock, which W«r to, fat ednM^usnee of a 
part of tho bailding being burned 2d January, 1709. 
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nor would I use any bell metal, except for bushing the swing wheel, 
and verge pivot holes. I would content myself with making a sound 
substantial piece of work, strong and able to go through its business 
without complaining. I am, &c. J. S. — ^P. S. Bespecting the ne- 
cessary weight of the hammer, and height to which it should be 
raised, I believe firiend Ludlam will be your best adviser. I speak 
in positive terms, to avoid unnecessary words, but I don^t expect 
you to take any thing firom me on this subject that is contrary to 
your own jud^ent. I have seen much trouble taken to do harm, 
which I would wish you to avoid. 



7%e Rev. WUUam Ludlam^ Profeseor of MaihemaHcs in Cam- 

bridge University, to Mr. J. Holmes. 

Dear Sir, July 1, 1779. 

I chuse to answer you now, though I must do it hastily and im- 
perfectly, rather than by delay, to make it of little use. 

A turret clock, with a minute hand, is difficult to make in any 
way so as to be safe. The snow in winter will freeze in large lumps 
upon the minute hand, and then the eddy winds will whisk it round 
every way. Mr. Hindley had very good reasons for putting his 
dial within side of the church at York. It is safer to do widi an 
hour hand only ; if that may not be, contrive, if possible, to sink 
the dial plate within some bold moulding, or place it in any recess 
that is proper, shade the hands all you may from the wind, and do 
not make the heart, at end of the minute hand, bigger than neces- 
sary, to be readily seen. The hands must be balanced within, not 
without ; for that adds to the power of the wind, and is unsightly. 
The dial wheels should be large to resist the force of the wind try- 
ing to turn the hands. The dial wheels cannot be too large. The 
purchase which a long minute hand has over the teeth of a small 
minute wheel, firequently gives the wind power to strip the teeth all 
round. The socket work is oflen made of gun barrels ; beware of 
iron in the socket work of the hands, it is sure to rust and set all 
fiist ; and when the scaffolds arc struck, perhaps you cannot come at 
the hands. Sometimes it is possible to make the tniddle of the dial 
plate take out, so as to come at the hands from within ; when this 
can be done it is very convenient. It is a very great advantage to 
have a 13 foot pendulum ; from many trials, I am sure no short pen« 
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dnkmi will go wall; notUiig can. make a 9 inch pendulum. go as 
well as one of dnee feet, nor one of 3 feet equal to a 13 feet ; 
though the adrantage of the latter orer the second sort, is not quite 
so great as the advantage dt the second sort over the first, especially 
withia doors ; bat the advantage of a 13 foot in a turret, or with- 
out doors, over a 8 foot is very great. I am of Mr. Hindley^s 
ttind, 5S feet would be better still. I will endeavour to ex- 
pound the doctrine on which this maxim is founded. 1«/, It is 
desirable that the dock's force on the pendulum ball should be 
but small in comparison of gravity's force; yet the clock's force 
must be adequate to all the impediments to the motion of the pendu* 
lum. 2d, Both the clock's force and that of the impediments will 
vary ; but the less the variable part of the clock's force is, to the wh(de 
of the clock's fierce impressed on the ball, the better. Compute now 
the force with which the weight acts upon the pendulum rod at a 
given distance from the point of suspension ; suppose 6 inches, and 
the proportion of the clock's force there to its force on the ball will 
be, as the length of the pendulum to that given distance ; with a long 
pendulum, therefore, you may apply a greater wdght to the clock bar- 
id, (than with a short pendulum) and yet keep the clock's force on 
the ball the same. Now, the greater the weight on the barrel, the 
less will be the proportion which the variable part of the clock's force 
(arising fbom change of friction,) be to the whole force. . The abso- 
faite firiction, or absolute variable force, is a little increased by the in- 
of weight, but the proportion of its variations to the whole is 
In clocks so exposed and so n^ected as turret clocks com- 
monly are, you must lay on a great weight to drag the dock through 
fidr weather and foul weather, and yet you must not (as Mr. Mudge 
would say,) make the auxiliary force too great, or as Harrison (by a 
very significant metaphor expressed it,) give the clock (that is the 
dodc weight through the uncertain intervention of the wheels,) the 
dominion over the pendulum. From what I have said, you will see 
ihat the weigbt <rfthe ball ought to be 60 or 60 pounds. As to shape, 
t dunk some resistance of the air tax from bdng of di&service ; the 
woiral forms are those where the matter in the ball is spread out wide, 
and distant from the axis of the pendulum rod, and I think a globe 
the best form. It is of the utmost consequence to have the a^ds of 
the rod pass through the centre of gravity of the ball, otherwise the 
action of the dock will generate a rotatory motion of the ball ioui|d 
the axis of the pendulum rod, as well as a vibratory motion. . This 
is best guarded against by making the ball a sphere. If the ball, by 
any accident, gets this rotatory motion, it will subside aooner in this 

2f 
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case, than when the matter oF the ball ia afarnd Mt sUewfe^. The 
gridiron paidulumsaie in thUreilttctaKXittM^^ Itiaae 

amaU difficulty to determine in what way to make the md ; if ofivoii^ 
it will yaiy with heatand odd ; even in diia oaae it dioold not be « 
single bar, bat a fibame. A frame like that <6ee Plate XIX. Fig. &) 
was used by Eayte, of Kettering. The pin of the crutch took iMldef 
the cross bar PR at the top. The several bns of the frame warerivat* 
ted at the joinings. Aainglerodof 13 fot will either be very wiaak or 
rery heavy. The framed rods of T. Eayie were l^ht and yet stiff; 
whethera wooden rod conld be put together in some such way^ I know 
not. I would have the tail or flat of the cruadi^ sted, and kaid» ia 
be chpt by two fine screws of sted, also hard : no oil to be inteqp*^ 
aed. Here I must xefisr you to paEBgrapli 86 and 87 of my Astrono- 
mical Observations ; I preferthis tothe jointed cmtch of Mk. Hbad- 
ley in small docks, and modi more in turret dodks. if yoa Ihiidk 
the hardened sted parts wiU rust^you may aet an agate, groond flatiiilh 
peraUd sides, for the screws to bear against* Hie finoeiof thedbdt 
has a strong tendency to twist the j ointed crotdi tif Mr. HlndUy i 
4iie parts of it, frcna their shape, have ve^r little imdencir Hb 
that twist. There ia difficulty in fMvid&ig %fmp0e epaingi two 
aprii^ are used to prevent dbe twistUDtg ef the tod; halt.mo imo 
^qporu^ can be made ao idike in tcsqper and Ifctokseas eaiotfnideK- 
aclly alike. If a single fipodi^ b used, «are ahoiiM lie taken 4m it 
be not thicker on the one edge than 4e ether. I thiid^ a ffring Are 
13 feot pendulum diould be about 4 iMh bidad» by 'abe«t<3 IndMs 
in the working part ; should be pindhed marj tight in the jphndiihisifi 
rod, and also very tight in the code ; in both ones betweasLpaata<er 
cheeks filed perfisctly flat. And the oodk^ if it can be, abould beeordw- 
ed or bolted to a rock as Ing as the Heapitalt fay «e 'means tb wimt 
is loose or weak, or liable to warp or twist wiA tlm ^ h angn >ef lirairliar. 
Ptovidon should be made to catch the pendnlitm in toase Ihe ntnug 
should breaL See my dnervatioiis, par. -89. Aate tanapwnisitfc Ay 
all means make it to retreat I have faerciodM inthelrtwise^ ■ ■ thaar 
with dead seconds, one retreat; none of diem heap tinaa» Ah^t^itmi^ 
lUce the last. This kind 4£ ^aeqpement gages the fendnlemi^e idead 
eeconds leaves it at liberty. Tlie chnsdi dock of 'ShefleM ^sfs- 4iede 
dead seconds, the pendulum IS fleet When the weifc wae wesn 
Biaooth, the pendulnm increaaed its swing a fii>t leneacb aide; Har- 
rison rgects the dead seconds in dl cases with the 4iteiast riadig- 
nation ; but it does the worst in ^odcs fiTpjaead <to weathat. SDke 
common ^scapement, taking in aeven teatki ^Ae srliele MBsater 
being 30) is a good one ; hot the fiMse of dhe leading pallet 
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dhmW Aoi 1» a pkoe, tut be fonided eff» whilst the ftoe of the 

dhmug peUfBl k an exadphne, end then the retieet on each pallet 

Hqr beioadaaqiaiL In tbeae palleta, the tooth does not eaoqie tiU 

Ihi patijhiliiin liat aaeended Sdegieea ? of oovme a .great weight it re* 

qoitniL Yen may make m yerj good ^aoq>ement fajr making die paU 

liii4ake over 10 taelh, and the pendidnm to eaoape at Udegtee. 

Jb Am mabf half the iSmner weif^ wfll hare an e^pnd feree on ihe 

jWiadnhMn baU, wfcen aH other dErcumstaaoas ^aia tlM» sane. I hate 

idnl ad iaai a g cf titia, widi the oonstraedim aoeoiSing fto mjr Jbaok^ 

fai^jlM!^ aodhaTejuataet ootalargeohickftragettlleman^skildMa 

eaiUi iCoaatnielmL It la abo eaecaled hy a aodoaan heia. See 

JRig. I. HalaXIX. The greater &U yon can obtain for yanraeiglit, 

ihe batlaBy and eipeciaDy ihe BBOfo turns you can allow for your first 

whedy and the Hghtsr you ean (in eonseqfoence^ make the weig^ 

It gml IttTe many enma lof die Mne «& the faaiaely you my want 

Jaiglh lor ihe baraaL Two ways are used tat tUa. One, whieh m 

eiDad'a dedUe frame, the hmer part of the frame widor thai dm 

«||par part. 6te Fig. a. TfaeonedbamebeUndthe^idier. Thearbor 

if Ae paat w hetl eoases dnoagh theiiat frame, and has a sfnaaeHhe 

aeifar a winding hsy, but on tins squaee b put the ratdb-whed ; the 

cod^lhe square b hollow, andrecdyes the piTOt of die barrel aifbor, 

Mi admits the banal head to bear againat the ratdi-^eel, and the 

imnA head osnisathe dick. Theodisr and of die band aibsr goal 

Aaoqi^ dm aaeond frame, and has atsquave far the winding key. Iliki 

dda dm bert, fig. & DonniathOTp^ of Bfamin^amj <the best maker 

rfibmili docks I know,) made aniexcdknit dock far I>eri«sQd diqid 

JnKtan^g^ysB^hithbmannsr. That man and his affafars are straoge- 

l^/dsmrdoKd ( if he eoiU be sat light he wodd be a most ussftd haild. 

I siippasr you know that it b of cenaaqneaee en which side of the 

JbHsd the fineeomes dewn^ espedaUjr if the band be bige. J«ei B 

jtodmbmvdtffce. For^$k&ii9mmilmrioM9p0ri^Mr.Ludkm's 

JkUm, ms page 408, saMf Dimgnm, PlajkB XIV. 

ItUaklhaaenowdonewithdieamtchpaKt. Itfiaefteaimyiadila- 

aUa^obswe die watdi part and staUug part isiaeparatefraaies, eifa- 

daBgrtfiihaBebeiqaarten. Thatdmsepttagmybei^gdai^fdi rwbm - 

Hsdinlliooftfrd, yen kmowhy the exaaipteafdie York deck. Aveigr 

Taigs i MBS M atfliliim ilinm Two (smaller frames am in msny caiaa 

bodi dieqper andetrongeiE^and theaassngthofdiefaaming b miidi 

mmeased by dbgond braces or crosses in Mr. Smeaton's manner. 

Thb b ftr prdbraUie to the depending on the shoulders of the tenors 

iaJj* It b a good method to make the hammer heavy, but to let 

2f3 
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the weight in a great measure rest on the joint pin or arbor on which 
it (the hammer^) turns. Mr^ Hindley did so at York ; by thig means 
the weight to be raised by the dock is not too much ; the quantity of 
matter in the hammer-head considerable^ and the Uow is made so alow 
and leisurely, that time is given to waken ^thoroughly a large bell. 

In large work there should always be a double locking, in Mr 
Hindley^s manner. The principal locking detent should be strong, 
the locking piece bear it down with a good force, while an. hook 'holda 
it up, which hook is removed in order to set thedock a striking. ~ The 
dodc at Deritend, in Birmingham, is in this way.* I do not think 
the repeating way so safe as the lodcing plate, carried on by a pimon. 
The worst is where the locking plate hath 78 ratch teedi,' and is car« 
lied on by a pallet. I have known it fiiil through findness of the 
work. Clocks of this sort should go fiiir or foul. 

There are great diversities in making the pinions. The lantern 
pinion in parts, after Mr. Hindley^s fiuhion, is .troublesome to make. 
I have seen them put on an arbor filed into 5 sides, abd fidlowed by 
a screw : but the screw is very apt to sei^ that is to bend the arbor 
whien it is forced up ; sometimes the pinions are put on a square laid 
pinned, sometimes made out of the solid^> sometimes all steel, some- 
times iron case-hardened. W.X. 

P. S. I have seen turret clocks, where many: hands saadniiich 
load has been on the dial work,' have a barrel and wei^t to keep 
the hands pressing forward with great force, which wioii^t was 
wound up when the clock weight wae^ It w«8 in drcumstaneee 
where I do believe the clock could not have tarried forwavd the 
great load of dial woric. I cannot -see the disadvantage of three 
wheels more than two, so much as you seem to account it- In 'the 
watch part, let the wheels and pinions ^be lif 'a large diameter; wdl 
toothed, sized, and pitched, (yet the wheels Kght^) the pivots ratiier 
small, the frame stiff, and not encumbered with the. ^running of the 
wheels in the striking pari, (espedally if quarters^) a framebehiBd, 
if you want length of barrel, and then 8 wh^ls will' not hint* By 
ail means make the pendulum rod of wood. It may be>flat, two^ or 
even three inches broad, and one thick. The tegnlatii^ ball inay be 
' above the fixed ball in two parts, andpindi the flat between the parts, 
and slide up and down. The reg^ating ball will* have the moat ef- 
fect when in the middle. See my book, par. 165. ' 

e In this case the pin that raises the detent must, both raise it, and alio rais it in 
the time of making the last stroke. When the detent is raised, the hook will catdi 
and hold It up, but unless the ]>in passes the detent, it cannot drop down again wben 
the hook is removed for striking. 
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From the Rev, William Ludlam, to Mr, Holnies. 

30th Jug. 1779. 
When I propoMd to tmUnce the hiuicU from within, I did it only 
to lessen the.sutfaoeon which the wind acts, and its influence on the 
hands. Mr Smealon very judiciously proposes to make the action 
of the wind faaknce itself^ and so have no eftect to turn the hands 
round. Nor .did- I consider the danger of the hands getting loose 
on the square by their own weight, nor their tendency to twist the rod*. 
I come over entirely to your opinion of balancing the hands with- 
out, and think Mr Smcaton's proposal should by all means be adopt- 
ed. The long socket proposed by Mr. Smeaton, for the arbor of 
the hand, will support the rod, and, by touching all the way, there 
will be.no danger of galling or biting ; but then the metal in conr 
tact should not be iron against iron ; they will rust and set £ut ; 
what think you of brass against bell-metal of a proper composition 
that is not too hard? You must, in thil case, by all means, cut asun* 
der the rod as soon as it comes out of the socket, and join the parts 
widi Hooka's joint. Indeed £Ul:h a jomt is necessary, in. whatever 
way you proceed ; without it, if the clock-firame settles, or the buildr 
iBg waips, the hands will be set fast ; nor can the dial-plate, and the 
•ocket spoken of, be set so true to the work in the clock-frame, as 
that all shall be free. This allowing the rod to bend in that place^ 
the two parts of the rod making a very obtuse angle, remedies all 
this danger. I speak here of the long rod coming from the clock* 
frame, and carrying the minute hand, or the rod conducting the mir 
ante hand ; for you speak of this rod as turning round in an hour and 
m half. I suppose you will adopt the toothed rim of the contrate wheels, 
nei at right angles to their planes, but making an angle of 136 dcgre6t^ 
(dw supplement (£ 45"" to 18(F) as in Fig. 1. Plate XVIII. These 
sort of eontrate wheels tooth together far more kindly than the conv- 
mon sort, (as in watches) when the two wheels are of a sise* Wh^^ 
the odntrate i^eel turns a pinion, and only one or two leav^ of that 
pinkm at a time are engaged in the teeth of the contrite whe^ then 
the oommon way, as in watches, does very weU* The danger and 
mischief of the parts of a machine biting or galling each other is very 
great, especially when the parts bear with great force on each other ; 
mnd, with respect to the.swing-wheel, it should be ^ths of an inch broad 
at the webb. Old Harrison mtde the swing-wheel of the dock be- 
longing to Trinity College, in Cambridge, as much or more ; but thQ 
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webb was but about ^^ of an inch thick (when seen flatwise.) He 
also gave a very odd diape to theleedi'of the wheels Fig. Sl^in aider 
that the teeth might roll upon the pallets and not slide ; because, by 
rolling, they^ would* tear up (and that with a purchase; any matter 
Aat might glue the teMik and pallet t^jedurt ttiA aha to mate the 
retreat equal on eaoh tooth; see my quarto boek^Ait. 197. TI10 
pallet frame was brass, the pdUets steely and scvewedin aa yen 
see. That part of the pallet frame of a^ Mght colooa, b about ^ 
inch thick, the end that holds the pallets fuU |tluu Fray, show Mar. 
Kendall this coiriostty. I am oonfid^t (with Hv. Smeaton'a leave) 
that yon cannot mdte a churoh-doek go so wdl wkh a 9 ftct pendu- 
lum as with one of 13 feet ; for you cmmot lay that fiDcce upon the 
wheels necessary fer feukwesfther-work, apdthe n^eet of die paridi 
sexton^ and yet keep a suffioient dominon. of the pendulum ovet 
the wheels, unless il be mvieh; more than afcat^heeaaaath e ft s c a > ef 
the swing-irfMsel upon Ihe bdlr ( snpp os iiig the fiaMon ef the escape* 
meat the same, that is the pdlets and swing^^e^ similar) isdimi»> 
nished-is proportion ef the' length of tibe longer pandnfama te ihe 
length ef ihe 8h<nrter. i had not computed the swkig. oTlhe panda* 
him when I wiete. The ehi^ of S degesea on a^sadm ef 304 is 
^OB inches^ and m a ia«yhai of IS fiset, 08 mdbes, n only&S, ae 
that if you ti^the common^ eacapement, and drop off at ^naa de» 
greesy and swing 4* er 4f degrees, the pendulum wiUr not hamtoe 
much metfoni I perfectly agree with Mr. Smeaton in desiriBg. the 
pendulunv should move 80indies er near fer the escapeoainly andhete 
room for SO inchiss more fer tibration. The cydodial dieeka aae^not 
of great use, ae cyelbids ; bt^ in large cleeka (hey gofveni the sfong, 
prevent itfiom bending irregularly or suddenly in weakplaos^. wfaidi 
eften ocearions it to break in those jdaees. F%« & emibeteheeka of 
Trinity Cdlege dock, Camhridge* The pendulum is Ibal 4 incheB 
kmg, escapes at 4ft inches^ or 3P 84". Whether Hanisen'ecgroladbl 
cheeks are brass or iron, I ferget, bui I think brass, wogr thidc end 
strong, and very firmly filed, and I bdieve their fenn dnvlavyfimna 
radius itf five indies. In seme instances he esadedidb of inmiBdiaB 
radiuB. By all meanemake pibvision to* catch die pandulmn^iC the 
string should break. I agreewithMr. Smeaton, Ihet a. ayhiBdackd 
xod of 2 kmhes diameter^ or more,^ iepnfsraUe tetany fialnei ene. 
H you snspend the wdj^ by asbgia Une,the repe: wi^u9ftnia|, 
if 1^ a desMe line and peHey^ as in an; eight-day dad^ dieibteeef 
twiaUng » the fine will eften twmt ihe two ineb tdgeAer into 
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one ; laptiriaHy when the weight hae deeoended a gntA dtttmce 
ftun the uppeg wciks, fhm wheaee the Knea oone down, hi 
Iheee CMes I have pat en am to the weight, with a wheel at die 

ead; wUdiwheel, bythe twiatingef theliM, beanagaiiiet annoodi 
waUy aad ao atop the twiatkig. Conaider of thia. At all adreir- 
tnea^ it will be proper to put aoaaewhat to reoeiTe the weight if 
it dndd fidl. Nothing bettv than a great atoae vpon a wool'-aadt. 
PeAapa Dr. Hooke^a cope and ann had better be employed to guide 
Ae we^^t to the wooL-aack, than to catch it I aaa afraid the sudden 
jedc would break the safcty-rope, and teas the weight to a great die- 
tanoe. If the weight be stone or cast iron, the stone at the bottom 
shonld have a bed of sand upon it ; or rather you should substitute a 
hex of aand inatead of the stone. If atone dash against stone, or 
against cast inn, it will oertainly Qj into fragmentSf and that may be 
wsarhifiirooa. Malt dust is very elastie, and yet solid ; but will not 
the miee eat it ? Is saw^duat not bettcf ? In the fiUowii^ figures, 
nsithsr the psoportion nor the anangement of the parts is regarded. 
The dtawings are intended to Aam only the manner in whidi they 
act on each other. The arrows in thewheeb ahow wbkh wwj diey 
tarn. Fig* 4. is the manner of locking and unlocking the great dbck 
at Yetfc. A is the count-wheel which detennines the number of 
strokes, and goes once round in 79 strokes. {La Roue de ernnpie.) 
B is the detoit wheal whioh goes once round in one strdke. (£a 
Jbsie d'Etaieau.) D is the detent-— <i is the loddng piece rivetted 
or soeewed to the detent ; e ia a like piece screwed to the webh of 
tha wheel B. The sorfiM» when these two meet is sloped pretty 
modi, and ihe wheel pressin g with great fince, (by reason of the 
wei|^t mquiied to raise the haauner,) the detent D is pressed 
d o w n w a r d with so great a fiiroe, that the watdi-part would not harre 
Came aolBlcient to raise it up, as is done in common i and were the 
slope of the parts d and e lessened, or wete they square, the force of the 
wheel B might drive the detent isqvwards, and the clock not lock safe. 
Hiaanhook(i0efoeAeQ iriiich holda up the detent when rataed} the 
andof the detent D, which presses on die hook, ptesaes (in the York 
dock) with but about the fourth of its face at d ; the bearrag porta 
asa nearly square, and the hooks easily drawn bade. K is the arm 
of the hook. Lis the great loaded lever raised by &e dock ; haf^ 
ing a weight at the end of the bnger arm, and a nag's head N, at 
the end of the shorter arm, which, inlifting, passes the aid E of the 
arm of the hook, and gets underneath it (as here drawn). Thewodc 
is then charged, or, on the warnings when the lever is let go^ itraiees 
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the hook, but the tul Kand the nag^s bead part asunder at the poidC 
opposite to p, and the book retunis to its proper position of rest. In 
the meantime : the detent D drops down, the piece d fiills bdow e, 
the clock strikes. At the lastUow^ a pin 9, in the count-wheel, lays 
hold of the talon, or nib of the other arm F of the delent, raisea 
the arm D, and the hook H being now ready to receive it, give^ way 
to let it pass, and then hooks it up, so Jthat the piece e meete the 
piece df and the dock is locked up. But the pin q must both raise 
the detent to the fiiU height of the hook, and also plus the nib F in 
the time of the last blow ; for, if the pin q is not clear of F, the de- 
tent cannot drop at the next hour. 

This work can neyer miss, if the nag'*s head N (le pied de Biche)^^ 
does not stick, and its. spring be sufficient to return to its place. Le- 
vering or coal-weighing the hook from under the detent, (by the 
purchase of the weight at. the end of the lever) is a cooler motion, 
and £u more certain than jogging it off by a pendulum, whidi hangis 
dose to the hook. This pendulum is drawn back by the dock, and 
being let go, presses beyond its place of rest, . gives the hook a Uow, 
Of ^ jog on the elbow, . and so.knocks it off its hold If the blow ia 
weak, it may not jog it off ; if the pendulum is drawn a great way, it 
may continue its vibrations and jog it off a second time, and, at the 
short hour of one, may discharge the dock again. When this piece 
goes by a spring, it is called a flirt (le detent i fameet)* Whether 
you use a loaded lever, or a jogging pendulum, yon have the whole 
hour to do it in, (but of this more hereafter), Mr. Hindley had but 
a quarter of an hour, (for the quarter part was discharged by the 
watch part), and therefore he was obliged to employ every minute of 
time. Fig. 5. is a repeating part having this property, that it is dis- 
eharged without lifting against the striking weight of the dock. At 
the last blow the rack raises the arm L of the detent, by which means 
the striking is stopped. At discharging, one ana of the lifting piece 
JH gets under the arm K of the detent, so that when the (le crochet) 
gathering piece G is lifted out of the rack C, the detent cannot fall 
although the rack falls. This makes warning. When the lifting 
piece falls back, the dock strikes. But observe : . The ends of the pie- 
ces, K and H, must be so formed, that if the striking weight should be 
down in striking, and the arm K be fidlen, that then the lifVing piebe H 

* If a joint is of such a sort, that the two parte, when in their constant and regular 
position, make nearly a right line, I \$rould then call it a deer*s foot joint, pkd de Bkhe. 
When liiese parts, at the regular position, make an obtnse angle, tuoii as the head of 
■A horse, I woiild ttiea oall it a nag's head joint, Ute de chevaL 
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mgy raiie it up, md not stop against it; for this would stop the watdi 
part Fig. 6. Phite XIX. is a new way of raising the vertiYal, (in 
French, la bascule) or arm thai raises the hammer. Here the wheel 
has only 4 pins, A is the Tertival in the common way, B is the ver* 
tiral in the new way, b is the section the contrary way. This ver- 
tiTal ongfat to be of such a shape as to pass the arbor of the wheel, 
though not so drawn. In both cases, the pin will slide upon the 
▼ertival* In the former case, the quantity of sliding is the sum 
of the versed sines of the arch described by the lifting pin, and 
of the arch described by the end ot the vertiTal ; in the latter 
case, the quantity of siidinff is the difference of those two ver- 
sed sines, and therefore less by douUe the lesser of those versed 
sines. In the former case, the pin wheel and vertival turn contrary 
ways. In the latter the same way. In the fermer case, exactness in 
fitting the centres is not necessary ; in the latter, a little wearing in 
the centres will much alter the height to which the hammer is raised. 
In the latter case, the pins should not be round, but flat pieces screw- 
ed to the wheel. Even in the case of pins, it is best to make them 
only half round, so that the vertival drops off from an edge. York 
doek is so. Fig. 7. regards the manner of lifting in the watch part 
ibr discharging the striking part. When you lift by a pin in the 
conmon way, you can lift only for half a revolution of the lifting- 
wheel, that is in common cases for half an hour. You must there^ 
Ibre be idle ibr half an hour, and of necessity you must do an hour's 
duty in half an bourns time, and therefore, while you do work, must 
labour twice as hard as is necessary, if you take the whole hour* Be- 
sides, it is not proper to have the duty so unequal ; it is best to be 
at all times nearly equal. Lift it therefore from a two-hour wheel, 
with twapins ; but if you lift in common with the lever A, Fig. 7. 
you cannot with two pins lift the whole hour, or through an entire 
semicircle ; but in the new way before mentioned, with the lever B, 
you may lift through an entire semicircle, or for the whole hour. If 
the centre of B could be placed within the circumference of the wheel, 
you might lift for |ths of a revolution of the wheel or more. What 
has been written, are thoughts as they occurred, with little or no le- 
ferenee to yours. I will now speak to yours. Your wheels are of a 
noble sixe, and the numbers high ; but I cannot doirly understand 
your design. There are 156 strokes of the striking part in 84 hours, 
and 1248 in 8 days. There are 45i strokes in one turn of the great 
wheel, and consequently 27v ^^^^' ^ ^^^ ^^ ^P^^ ^^ bairel. But 
the watch part does not correspond to this ; for, suppose you have a 
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3 foot peodukun^ 1^ whiob you aeem indined^ then your gieal wheel 
goes somd in 4 hewH or 6 tunea in a day, or 48 in dght days ; but 
iritha 13 fix>t pendulimiy the great wheel goes once round in 8 hoari» 
or 24 turns in 8 day9% which cortt sjkhkIs well enough* I an dear 
for a IS foot pendulum. Aa to the escapement, the peutf Ilea W- 
tween the eommmn eseapemoot that I sent (where the wheela have 
double &ree; and the clock will go with almost half the wd{^ ne- 
cessary in the common ^scqp^nent) This depends upon the care in 
keeping the dock» and its being exposed to weadier. If n^ected 
and su&red to go dry, if the wind, rain, and snow are let in upon 
the work, you must have as much weight as may be, but if not, the 
latter escapement will lessen the friction and load cm the wheela; yet 
I doubt if it wiU give vibration enough. I peroeiTe jFOur diaUwork 
goes off from the second wheel, whose period is 90 minutest Your 
contrate wheels must be one larger than the other ; yet make the webb 
where they tooth in fim of figure 1. I su|qK)se you will have a 
sliding plale^ with one or two settbg screws upon the second idied^ to 
set the hands occasionally. Take care that this plate may be ea8% 
released, and fixed firm, perhaps it turns some other wheel inaahouii, 
or whidi is piefroraMe, two hours and two" turns, and the slidingk » 
this othar whed ; for I cannot see how a whed turning in 1 j- hfsr 
can carry the pins that disdiarge the strikingpart. With riq;ard to 
the hammer, I scarce know what to say, nor indeed have I auffident- 
ly considered whether the duty upon the striking pins is audi aa wiU 
reqmre so great a weight as 170 lb. But you muat not overkiad the 
dock. If your bdl be a free beU, and willing to speak, a little nat- 
ter will fetch the full tone out of it. Ifatiffand hide bound, do what 
you will, the tone will soon decay, and a wooden bell be aa good. 



- The best bell, the beat peal of bdls in the world, are in this 
Tery town, and yet they neTcr regarded them. They undertook (what 
is impossible) to cast two bells, one of which should be an Sre and 4th, 
the other an 8ve and 5th, or 12th, to the tenor at St. Mary^a^ Cam* 
bridge, which ia D in the modem opera pitch. They did aand two 
ihinga th^ called bells ; but ndther ringers, singers, nor the proAasor 
of music at Cambridge, have been able to determine what note they 
aped^ ; the generd sentiment is, that th^ speak no note at alL I 
think it a pity to be at great expence anAde&ce theci^la only for a 
temporary station for the dock. Surdy for 4 while diey mi|^t affbtd 
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l iwe- Wit h oi fcg > BMHi logo and wind it op twice a-wadL Ezcuie 
my writuy in thii wnihling and degnltoiy wanner. To keep method 
and order, I must make half adoaen of copiei, I find one enough ; 
it will aerre to auggeat and bring all thingi to your mind» io that no- 
dungmay Moat, but what you have considered^ and thatii all I pre-> 
tend to do.— -I am youra. 

William Ludlah. 



The Reo. IVUliam Ludlam to Mr. J. Holmes. 

DsAE SitL, nth September, 1779. 

When I wrote to you about a fortnight ago, I was just going a 
jomney* Two things have occurred since, which I send you post- 
paidp to bahnoe your franks. I am always entertained and obliged 
to yoa finr accounts of mechanical undertakings ; pray rq^ard not the 
postage, nor, if it gives you trouble, seek for franks. I think your 
great dock should be kept going while winding it up ; not merely to 
fverent kws of time, bat to prevent the swing wheel from going back* 
waida, tfaroogh the friction of the barrel ; and the consequent dan- 
gsr of the palleta {dtching upon the points of the teeth. The com- 
maa way, wilh a driver and shutter before the square, may do very 
wdL The other two ways, one by a ^ring, the other fay a pinion, 
lia between the barrel and great wheel, you know very well. In- 
fiend of steel, you might have agate pallets ; they may be set in, or 
sewwed in a brass frame, many ways. Harrison, you know, used 
diaimfl palleta. Mudge, in an eight-day dock, afqplied palleta 
asade of flint; bat i^^ is harder, is not a stone of great value, and 
ia not so hard but it may be easily wrought into a proper form, and 
hi|^y polished.— -Yours, &c. 

William Ludlam. 



Mr. J. Holmes to the Rev. JVUliam Ludlam. 

Dear Sib, London, IJth Auguai, 1779. 

I reaHy can^t find words sufBdent to express my grateftd thanks 
to you fi>r your very kind letter of the 1st of last month ; ymi have 
thoKin communicated to me so many useftd and ingenious Ahigs, 
that if I do not avail myself sufBdendy of them in the Greenwid 
Hospital dock, it will be my own fault. I beg you w31 accept of 
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my most sincere thanks for this very great and obliging iavour, which 
I should not hare been so long of transmitting to you, but that seve- 
ral things intervened, which I hope will plead my excuse. Mr. 
Smeaton had wrote me word, after I had wrote to you. He had 
thought very much on the subject. I was willing, therefbre,'of re^ 
ceiving his ideas before I made up my own mind, which he obliging- 
ly gave me in a ftill sheet. It turned out also that his business was 
likely to bring him to town, which it did, and he went with me to 
see the place, and only left us last week. I have the pleasure to in- 
form you, that in almost all the great points, your ideas and hia 
agreed. He read your letter with great pleasure, and found several 
ingenious things entirely new to him ; he begged his best compli- 
ments to you and family. Having taken up so much of your time 
with this preamble, I shall now beg leave to mention some part of 
your letter, as also Mr. S^s. and what passed in conversation, and to 
beg your farther assistance in some matters yet unsettled. The dock 
movement is in great forwardness, and I will annex to this the num- 
bers and sizes of the wheels. I think you will smile when you find I 
have got 4 wheels into the train of the watch part ; but this arose 
from necessity; the' clock stands very much above the dials, which 
are opposite to each other ; so that if the rods to the dial-work had 
been carried by a wheel, to go round in an hour, the contrate wheels 
must have been very small ; I have therefore chose that wheel to go 
round in an hour and a half. I have adopted the douMe frame, after 
Mr. Hindley'^s, most of which is cast-iron, as also his jnuions with 
the leaves let in ; and, as far as I could prevail, (for I must work with 
other person^s tools,) I shall have all the wheels and bearing parts 
considerably larger than common. Here Mr. S. caiiies the matter so 
far as to wish the swing- wheel one inch thick ; the inconveiriency arising 
from the change of tenacity of oil, he thinks of little consequenoe, 
compared with the danger of the parts biting one another ; of this he 
is so much afraid in his practice, that in a new mill-wheel we have put 
in at Deptford water-works, our gudgeons are above 8 inches, and those 
of our old wheel only 2i inches ; the large one wears perfectly smooth, 
and keeps its oily matter ; whereas the small one, having so few bear* 
ing parts, presses out the oily matter, and is constantly getting dry, 
and wearing into rings. I shall take care, however, to keep my 
wheels as light as I can, by arming the crosses diagonally from the 
teeth to the- bottom, so that they may have sufficient strength to 
support them. I now beg leave to come to yoiur letter, and I hope 
you will excuse me, when I take the freedom of differing from you. 
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ind wUch, unhxckily, will be in the first part of it, where you pro- 
pose the hands to be balanced within ; now, in this case, the minute 
hand is rery liable to get loose on its square, as it will always be 
dragging, and it will be necessary to give it a large square to pre- 
rent it. It will also, when pressed by the wind, have nothing on 
the opposite side to take off* that force, whereas a balance on the 
outside will in part prevent it. St. Paul's clock used to have no 
outward balance to the hand, so that when the hand got a little past 
18, it would fall a minute or two at a time ; it has been lately al- 
tered, and there is now to the minute hand, on the opposite end, A 
round ball, at about one-third of the length of the minute hand. Mr. 
S. proposes that the balance to the minute hand should be made as 
thick as it conveniently can, so, that it may present to the wind, 
when it blows parallel to the dial, near as much siuface as the hand 
itself: He also proposes that the arbor of it should be fitted into a 
well-bored sodcet, and touch all the length, and that this socket 
should have holes in it, at convenient distances, to put in the oil. If 
you wish to read his letter, I will send you a copy of it ; but part of 
this proposid was in conversation. Mr. S's. ideas are the same as 
yours, fbr the pendulum ball to be a sphere, and the ^scapement a 
retreat; but he thinks a short pendulum might be made to go 
weD, by giving it an equal dominion over the main force ; the prin- 
cipal part he differs in, is its vibration ; if I calculated right, the 
^scapement you have favoured me with, which 'scapes at 1}, wiU 
only move a 13 foot penduliun ball from 'scapement to ^scapemeut 
7.8 inches, whereas he seems to wish it to go to the extent of 20 inch- 
es, and room for SO inches more of vibrations^ and thinks the cydoi- 
dal diflfercnce will be small, compared with the advantage arising from 
the great dominion such a pendulum would have ; for my own part, 
I am wishftd of being in the mean, and think the common 'scapement 
may perhaps be best ; but of this, I am very desirous of your fiurther 
opinion. He likes very much Mr. Eayre's frame for the rod, but 
thinks a cylindrical rod of about 2 inches diameter would be more 
likely to keep straight than any framed one. The full explanation 
you have fiivoured me with, of the necessity of the pendulum having 
a great dominion over the main force, was so strongly impressed upon 
me, by your very sensible though short publication, after Mr. Har- 
rison^s communication, that I have made every use of it my practice 
would allow, and I now thank you for being more particular on that 
subject. Your observations on the lines drawing on that side next 
the pinion, though so ingenious and obvious when told, were entirely 
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new to both Mr. S. and myself; hut I shall die joa with repeating 
your observatioiia ; will therefore again thank you for theoit ajid pro- 
ceed to diose I wish more particularly explained. Your reasoas fior 
the bell being struck by a heavy hammer resting on its joint, are to 
conclusive^ that I only widi I could adopt that matter to your par- 
tioular ideas of this case ; our bell is nearly 12 cwt. 3 qn. and our 
utmost fall for single line 55 feet. I have, Hnexetfj^ey by sketdi and 
calculation, endeavoured to come at how this matter will stand to the 
idnlities of the dock. Suppose a hammer SOlb., and that the centre 
ofgcavity of it is placed one foot ficom its joint, on an aim elevated 45% 
that lUs hammer is drawn 5.7 indies, rising 3 inches perpendicular, 
it will require a weight of 170 lb. to be a balance to it, or the same 
hammer elevated BO^ to be drawn 3.84 iivJies, rising 2 inches per- 
pendicular, a winght 1131b. : now, as the weight must be consideffaHy 
larger to put ail in motion, I am much afraid the first of these will 
he too muchfor the dodc ; how £ir the second will £itch the fiiH tone 
<mt of the bell, I am no judge, and will therefore beparticulariy ^ib- 
liged by your ofunion, not on my sketch, but on any you diink will 
he best. Mr. Thwaites fiays, he thinks a hammer of 18 lb. lifted 4 
inches, will do, and the weight 1 cwt. 1 ^. ; but I have had no oppor- 
tunitj 4if seeing him since J had his letter, and do not know whether 
he means 4 inches perpendicular, but believe he means drawn 4 in- 
ches. Handily mentioned the fall 55 feet, I will beg leave to ghre 
fou the particulars andmyideas of the matter. The dock is intend- 
^ to be put up in the new cupola, and a convenient place to be built 
fbr it ; but till that is done, it is to be placed in the present cupola, 
near over the painted hall: here it will atand between the inner and 
outward dome ; the lines must come through the painted roof of the 
inner cupola, and proceed down the side of a cjlindrical part under, 
and ao be carried into the comer, where there is a vevy jconvement 
place for the weights to fidl; but we can^t get the 55 &et without cut- 
lang through about 3 feet of (I beHeve) stone work, fiv the we^hta 
to pass dbcough^ but I think can get dknit 46 leet without it. I 
ahould never have ventured to have proposed this place, fearing 
these lines would be too much an eye^soie in this buildiiv; my ari- 
^^nal intention was to have proposed the weights to have been within 
the two cupolas, where we can get near IB&et, and I ahould thiyn 
Ixsve proposed the dock being wound while in this place ^wioea-vedk; 
hot Ifound this idea would not please^ and this pbce was memioned 
tomcb I have since consulted Mr. S., and being wishfid of avoiding 
this definmity, proposed still to keep the w:eighu between tlie cu- 
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pdai, Md #• ipm the ttifl in peiteicliio to each ; if m. Iff. & 
fup c Mi to bjr Mider libe weight a leijge flat atone, ireJl bedded in 
aaaae afvingj aatler, to «atch the weight, if it falla ; and I ahoiild 
alaonddDr, fiecdMTa eape and acsi to the wagbt; but I believe the 
gMtt weight ihia will require wiU frighten me, ior people miB 6t^ 
fHntly under it, and the innerroof is but slight ; therefore think I 
ahnH content myself loth auoh pnrt of ihe 46 feet as will be neeea* 
esiy, and pot n double lane to it at fisBt Theie is only one part I 
wfll fiuther taonhle yon about. Mr. S. nor myself oan't i^aember 
what was Mr. Hindley*a donUe leddog you mcaition ; your doscriipp* 
tSDQ of it nwmld thewiire be very aeniooab l e to me. IimMrtnowbsf 
panWi for thia long letter. I shall a ntcem any -obaervationa yoft 
flaaae to mnhe, a singHlar f avonr, nnd ahall be paitieulariy obliged 
to yra ftr your fordier inatnietions on the thnee following hsodoj— 
^he Wapewfw t nnd pendulum, the hammer, nnd double lockii^;.^— *I 
am, fiiE, nddiihe graatost dcfennoenBd respect,^ 

J* H0|.HfiS» 



From Mr. John Hohnea to ihe Ref). W. Ludlam, 

Deae SiBp London, llUh September, 1779. 

IxeodTodyourfiivours of die 88th of last month and llth of this, 
and for which I return you my most nnoere thanks; I am veiy aor- 
ry you should think of paying the poatage of your last letters ; this 
affiur is wholly mine. Your reading my letters is doing me n great 
foyour, and every line you write a singular service ; your letters are 
so full, your drawings and descripdons so dear, that I have now lit- 
tle to trouble you with ; but first, 1 will endeavour to set some mat- 
ters dear, that I have been short or mistaken in my last letter. My 
intention, from the first, was to have a 13 foot pendulum ; I had ne- 
ver anyintention of a shorter ; and, in consequence of thb, the doek 
is raised about 1€ or 18 feet above the dials ; the two rods thcorefoce 
coming 4own from the dock to the two dials, make nn angle of 
near 80 dqprees to one another, and these two rods have each 
a contrato wheel with teeth standing in the manner you do- 
acribe, both which are turned by a contrato whed in the dock ; we 
found it necessary to enlarge the contrato whed in the dock, others 
wise these two wheels would have been very %mall ; this, therefor^, 
was the reason why the contrate whed in die dock goes round in an 
hour and a half; but these two wheels beii^g |ds of the siie of the 
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contrate wheel in the clock, will now run free of one tnother, be s 
good size, and go round in an hour each^ and, as these rods are long, 
I propose a Hookers joint to each : at the bottom of each of these 
rods will be another contrate wheel, toothed to the proper angle, and 
which will turn others to carry the hands. Had I been acquainted 
with the whole you favoured me with in your letter of the 28th 
last, I would undoubtedly have endeavoured to make the second 
wheel in the dock, on which the contrate wheel is, go round in two 
hours instead of an hour and a half. It would have saved us a wheel, 
which must be to set the hands by an^ unlock the dock ; this whed 
I intend to go round in two hours, and lift the lifting piece in the 
judidous manner you describe, bearing its load the whole hour ; as 
this wheel is out of the train, it will be a small burthen to the dock. 
The pallet frame you describe has been long used by Thwaites, I be- 
believe, ever since he made a clock, under Harrison'^s directions, for 
the Foundling Hospital.. I had some thoughts of agate pallets, but 
found they would be an extra charge of three guineas, and, as I un- 
dertook to make this clock for ^120, a moderate price for a good 
one in the common way, I think it needless to lay out a fourth or 
fifth part of my profit in them, and especially, as I propose to give 
more vibration to the pendulum than common, I am desirous of try- 
ing steel pallets first, and can add agate ones afterwards. The un- 
locking you have favoured me with is so very safe, that I propose to 
use it, also the manner of drawing the hammer, which is gr^eidy eased 
of the friction in the common way ; this I find is in a dock made by 
Thwaites, under directions of the late Mr. Ellicott, for the London 
Hospital. Nothing perplexes me so much as the bell ; - . . 



The case at present stands thus ; he has got a bell by 
him, wdght 12 cwt. 2 qrs. 21 lb. 3^ inches in the sound bore, and 
I think about 3 feet and a half diameter, which he says is a very 
good bell. Mr. Green, who succeeds the late Mr. Romily, the small 
bdl-founder, was so obligbg as to go with me to hear it ; he says it 
is a very good toned bell ; he has also another bell of a larger size, 
and 1 cwt. 2 qr. lb. heavier ; on striking this beU, I found a lesser 
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blow would bring the sound better out, than out of the other, and I was 
infimned it was becanae the bell Vas more sprelU. This struck me, and 
on taawtaing with some of my friends, I am fully convinced- that a beD^ 
aaicoimoaly Jliade faic ^ jpml% ia not 4he fitieil fi»r.a ddckio strike ta, 
Ml;i(S> Vbat 7011 oatt a ti^ bound belL. :M)i<sd4te; therefoffd arc^ that 
if ivcihlMrtf a bell of this w^ht,.it mtt«t bt larg»»: or if /"of this iaiiie 
lii^KWfc the. bell bong tbed thinner^iwiU beeiMsw,pilt intQlvihratum 
by^tliprfaif er oTthe dock ; the diffimdiiy with mo is iriiat .dhrectiims tb 
IJVfA. rjt[.'j^ n matter we. imRVeafiiljr make eiperimeiita on, lo Cvas'I 
cmgildt« » Jf the same »ised bell had:? ewt. or Scwt'less tiietiil iti 
Ma,. tl0 Uow.ihe dock wiH strikb:wo|M;b0 much bHter spread. 
4Ua^jdMi|thf sameefieot.would be» if the b^!wa« tohe enJiuged iit 
thali pnypoM^Q,, and have' the eiMe wfigb^ m this has. I will be 
efirenMy :oUiged : to ytm f(|r yoivrepinion en ihifi^ mtHer, before I 
tgmkm^m to the; fimod^. . Imi^.w^raimre, tf ar beU is ipsjd^ iii 
fif^t ra#imer I :prppo(9e,:it : would piilbh mv^h fimhier » but Ilsee no 
n^^ctiQn.^th^,; allthat wj^ wani^MiJ^^hicvQ^bdi^ithat wittbeheal 
j^Mli^ with the Wpw WQ can give.; :.The w4y IlA^lcubted ia niy hfsl 
M»«r/i<h|i)WWbl pf thi dpd^ ira«i*yr m^UiiAyipl} the weight <* tte 
jMimffl* kfi^i jfciff^kdilii^il^n^r^ that Iqt the nuoOier ofUoWa 
Mt^S ^y4f; the prodnct'.of th)§ tnulti|iliKatioii» I divided : by the»£[dl 
^fffcidi 'givee thcf weight tU^. wiUiberalbiAaiic^ to tl^e hamnter/ ; Tw9 
#989:1 ^^e b^jsn AnfcrnB^of; ^;Qm ,Pf which >I ^hink trill be (tf 
i^v.fiM^ t|ie>8t, if.iiot, can do jia; biupBs yiy; thut.by hamm^aog^ 
^fdx^ifftng^ ^ndsmopfhiogr^ ipM^^f ,lb9 M^M^ 9nA ^liKg the pM* 
jl|^)|j|r^|l^<Wjiieire 4 i« sttwk; op, wi? fM\ hing ottt.a better tone nf 
&eil/L4)f^^^^tt^ we fiiHMdi^ if. we Jrf; tbesci^ th0 rpughul .4^^Ji 
S^^fwwi^t^ ofteijer ^ b^ll in s|n|ck> tb^hett^ itria he|icd,l9wi|ig 
99i^^mt^K pirts g«tiBg ^inqoAe^.iMid.bilidinr, llie «dier,:tbi» 
1^ j^ ^09^911^ h^js.M^ aw4 thiUmim^ vi^ iMgl, it wiUatrikf 
fjf^^i^^/, \ij^ if.sprpa4.ii\brwWl[.^ tbi^kiiesa;: how Jar Ais 
v^tg-^ th^:ca§e, I ca»>gue^^o j.O»ejWf>ulAthwk*«t:M«ft m^tteii 
with the same fall, would produce the san^-eff^'; therC'may. hfa ffQltie* 
thing in ihc matter layings behind ihe touching part, and pressing 
more directly upon it. Several trader, as caulkers, pewtcr^rs, &c. use 
very long hammer hcadi^ perhaps fqr this reason. I shall now con- 

fM^i^ . W. 8^^9??fflf ^!wl^ %3^,«tt P'^^ Wl kind.aasift. 

Wm'^'^^V^^^^'f ryQu,^ye not ,op^,4w .me, tl^c fifit^s^ei^ 

».^W? 'i^yfm^.f^^h ?^ y®** !^w|4.not hw itak^f^i much 
^fi|ia,lKo jerv^ Q^e. Ifj.PV tiipewi^ J^nut.yott. V^ givp me youropi^ 

8o 



4M AFMmn, (A.) 

TAe Rm>. W. Ludlamy to Mr^Jolm, Stdmes. 

ImkmMytbkititk wot iir my pumi tr gi^ y«rthgr laftiMiiia 
Imahirifl^WlwlMbittdiiig: Ifliira gMMiabfl»«f hMAwilMi 
of di(^ lata* Mr. ThraM* EiiyM^^ of KalMiAgti a^ite^ 
fiMtH^iiriv t«id' $pKnii» espenwto Mite ]ai|MmMiiti ? iMdkif 
die toM dapcndk cai'MiMife dmiiiiaUHMeft w fhtf i^fiM|»r n* MA 

thtfnMdef-nd^eQtMdforiflitegoadfbd^heeo^ TUvooMk 

^ ad NerAaniploii abomMl witb the best bds I ever lieaid^ cail 
1^ Htiglv Waitt^ of Leicester, between 1<3» «a^ »% ewfie 

genemd, who- mpewaoMDly tfonaslififted dufif jedjgss of Miiiw (*t^ ^ 
Sudiii«fee'dkf AebelUArattdei)fegfti4neid)^ Ths 

haag^ ef Ae bell ie all Ihey^ r^ttr^y thw tiiej* msf tHUmlMritm 
terityixrchaiige^niigng; That Aape of « bell dial i# beat folMia^* 
Inig eBe> M iiot tte best ftv hangiagcT liagiiBy ; so tei^^ 
tagBtded^^--te^^MMdieriii|^aiidgeeiilo«i^ Htntf 6^MMi^ 

dM lihiBttar die kH and deeper die tooe ifte belter, pf^^ 
ivhai thejr eatt slidljr, <bal^ iviyce^adrtii'sU^anch ai tiwie lb dteftigL 
teedta 4f » btfo6e» Fknenee iadt irill |^« A disep fcmtf aMpqffe i^ 
geMs din^idea^ef a^ giear be^ i^nere gMnv mA betM sufed to ^ 
ridw BttttiLeSctf" a^ clKii^ elodi^ and Ml he«Mi Airtber^ Tliedadcal 
8ti^ CUntiflMt Ebnes^ M ye«» ji^boeibeedy itiiked Ae' bow twice^ 
Mm M tiiegMM feeBlfr peal, atti^agaiii; eH'te eeiafedrMdlh, 1 
kuNTMrirblclF; Hstettfi^ dieni attd yo« wffl pereeiTe wbiA^ieateM 
igteeaUe and beet beaid. ThesovefMr Theuas Etfyr^nikiivei 
« ifood b(ril'ft>taider, east^ a^ dish beB^ offline or six hmHUkmi^bti 
fe» the obweh cloeh at fiesten, nr LinoMMd^. Mr TbeeaU B«yt<4 
▼effpeariy ia llfe^ nadfe « enrions cbhne ftrfiKr T'. Wentwdrdi, sAbsb^ 
wanTs Lord Malten, and firther of the Marquis of Roddoglttm, whidl 
had 13 diA beBs,- die Mggest about twe/ hundred weight. Tilia is 
at Hanrowden, near Kettering. 



Icannot help dmddng shell of 5 or ff htmdte ff w d ^ t, ef dierdUl 
form, might be cast fkr fitter fbr yotir purpote flias one of iSbe dmrdi 
fbntf. Bat who shall do it i Who has had any exp e rienee ef ImBs 
of this fbrm f It must also be obserred, that tsaaH diAradMf'ftllte 
fimh, in die shape or thidcness of die scmnd-bble df a dtttfth hA$ 
wffl mate great difieience in the idtte. AH I ctt' say ft; itlk llbtdM 



l|»l gifil b»di tm d nm md 4iipdi oflmi^islMi ffrove b|r ntny 

h»> «hj^ in thai yitlrpt » Utt la willing logpeifc^ 
i^good Ml ft n nj qp awgM t» ba abb to aMwei. 
loNam a«d «»49iibiaA ftoi» ibatabell apaaka aradibaMtf 
adi dia dappar apA tbi Ml ia Iwinwf haNk«ari» aad whaft 
iHf an woWl in la; laudk each cubar ia Muijr painto» 
faaaitkby fankl aoppoaad yaaamld naba tha bawwarhiaiaf 
ina. I ihtdk aiaa iba ibapa of Aa hawaa? jroawaatinn iaof 
aiitjatay. Mt. Xboosaa Eayta iitad la maka bia dim 
iwahapa |«Ni iMilaaii. If /ou Jaaha tba aloak la oakiek by a Bag's* 
baaijrfm> ke. iliMr. Bmdlay'a irqr, ifaan il&ienw, ilialif ilia dook 
balHDad baikmdi» (dm ia, if ibaliAii« pbiabaiiiniai backwaida) 
rfbr dia aagVbaad ia 90! aadar dia boak of tba datastt (lAiah I 
Idi lianrfU^ yog will dio nol anly drair back d» baok af die de- 
Iflilt baft mmf keep ii drmwn Imekf aad ao dM dock eoatiMia to 
afeika^it iadowB. Indead, to jkf diia ftte^ttm trkk, yan auiat 
itodba alaak badkf aft dto Tary niak af tiiaa JMfc alUr «cM»tit^^ and 
ya« aaito aaft dto chdi baok #idy a vaty liada. AUoftia nabloftdH 
itktMki smd yaft I baiFo knomi Iba varfaal Ibol of apariah olad^ 
iddmttrdia kaift da^gBy aftnmblaoo aMh a oioaty aadiia^ and poftafl 

mtn^ Baw bq; dto fiiTawr of Bfr ffandall to aeaafanp 
Wbaft ■nahir of watohaa be bad aiada by oaOar 
aflhBBoaJrddfIiQpgituda»fca.7 Tba £xal I ka> v vaa aa oaaft oopy 
afJHalria)ar%avaaMa6bartphiaaadiW|Mir<tKka]Kiiit,&^ iJEbr 
liaabddua^Iiacfdlacftad diit abon 40 yavri ago, TboaunEqaa 
*ala sitoga tonal okclt» widi qiiartoBy finr Ijidy £• Oannain^ (aoa 
iMai 6« Camudil'b) at DiqrtoQt aaar Tbaoptoa, NotdiiaptoaabiM^ 
alllk»1aBaofwbiaharadif*Mb,ofahigaaiae^ IknownoidMr 
aw^i I a^ppoaa die biggaat Am bandred wai^ ; diey ata beaid 
apaalway. I an, tic. 

W. LirMAA. 

Pf&m the Setf. )fiUkm LudXam to Iff. John Bolmes. 
Bbar Sib, January 10, 1780. 

Maaj diilip ba^ oaooned to too, riaoe I irratof dboiu di^ 
km of a aaiflldiilg bady, to be iftnidK by die dodk baaiBMr iaatoad 
ifaball w. dia coaaaan fonn^of iboaa nada to be nag^mifHt 
aopMi tortck widi a oll^pper, I am pattHadad a abape mi^ be 

aaaftdiad, Ibat afaaid givtf a atmngp dMpi elaav, mA Uaftiiig aato^ « 
pirfbcdy uaiCmii aiid miiftitol» to dto deep pipe of aa ocgtta 
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k«d. .Thu was aotidfloUUy discovered by T. Eayre, who hanng 
t auber of hnm- thelb tot dock weighu, and a munber of clock 
bellst lying on his board logMher, observed this effect in an high de- 
ffoe^fiom the aoeidetttal position of one of them. It b not to be doubt- 
ed but that thetacients vned braaen vessels in some such way to aug- 
BSDl the voice of the actors in their theatrcsi which were so monstaous 
latgc^ the actor conld not otherwise be hoard Now, my idea is to have 
a vast great gong, and I would so augment the sound with tin or 
hraaea vcsselsii that it should shake the college wdls from end to end. 
At the same time, I would have the sound so deep, clear, and melo^ 
diona, that Lord S^fidwich himself should acknowledge its place in 
die gamut, or scale nit musical sounds, lliis is my Utopian idea. I 
dsdbt not but a flat sheet of bell-metal would give a great sound* 
All kind of metala, marble, &c- in this shape always give a great and 
(bee sound. 

Yours, &c. William Luolam. 

(B.) 

Dutertre^B Clock ^Scapemeniy referred to at pagv 238, 

Plate IX. 48. 

A Bis the wheel of arrStf, or repose; CD the wheel of im- 
pulse ; both having the same number of teeth, but differing greatly, 
in their diameters. E is the pallet seen on its arbor, in which is a 
aotdi, to allow the teeth of the wheel of arr^^ to pass ; at the in- 
stant of this taking place, the teeth of the lesser wheel give impulse 
to the pallet, and, having escaped it, a tooth of the larger wheel falls 
en the drcular part of the pallet arbor. 



(C.) 

AmMTB detached ^fcapementj referred tOy page 245, Plate IX. 51 . 

m ft 

51. is a detached ^scapement, as made by the late Mr. Arnold, and 
by^Us son, the present Mr. Arnold, fur box-chronoroctcrs. The 
*sespement or balance-wheel A, having twelve teeth, is calailated to 
have a train of 14,400, and, by the seconds hand, half a second will 
be marked at every step by it, on the seconds circle of the dial. The 
aMing part or face of the tooth, is partly in the form of a cycloidal 
curvuy and stands above the plane of the wheel, as represented in the 
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edge view given of it ; in die phme, tlie eluriBd or dirk port dPllio 
tooth may be mpposed «dier the upper end or topi 4r o mteAm of 
it; the other two rides atre flat, or boimded by fight Ufaei^ the lo^giBt 
of which fbtnw an anj^ with the eydoidal eilrtv, nft on this oagto 
the wheel is lodced by the spring detent C D^ i* wMob is sot atmaD 
Ut of fine stone, either of mby or sapphire, fcr Ukb porpdso of dio 
wheel being lodced on it. This Int of stond mttf be snppMoA €0 \m 
put into the spring detent, so as to stand neln'tho pobt of the dd^ 
justing screw 6, or nearly where the letter « is. It b bjr the senw b 
that the detent piece can be made to have move or less hcdd of the 
angle on the tooth. Theendofthedetohtstonepioclittiiktboofoaeii 
a length or height as to be quite fi«e horn Ae inside botton of the 
wheel ; R is the main pallet or relief, having an ot>ftilfi^ or nolA in 
it, on one side of it, the right hand one being %hat is edied thtt fiM of 
the pallet, in which is set a piece of precious stone, as seen it t. It la 
on it that the curved part of the tooth acts. As represented in the fi- 
gure, the tooth 1. has carried the pallet so far on, by a distance equal 
to that between tooth 2. and the point of the adjusting screw. Con- 
centric with the main paUet R, is A small lifting pallet d, whoae use 
is to unlodc the wheel, by pressing on the side end of the lifting 
spring D, and, carrying it so £tt inwards, takes the detent and ita 
spring along irith it ; the detent pece at stone, by this means, get- 
ting five of the angle of the tooth at oi the wheel geta fimrard, and 
the tooth 1; gives impidse to the main pallet B. During the first 
part of the impulse, and before the impelling tooth gets so fiv on aa 
is here rqnesented^ or it may not takoplace till the tooth geta a littk 
fivther on, the end of the lifting wprng parts with tho lifting pallet 
di leaving the detent and its spring at liberty , tlio detent then^ by 
means of its spring, comes quickly to ita plaoe at o^and, before tooth 
1. has escaped, is ready to receive tooth 3. and lock it. On the ba- 
lance returning from the vibration given by this impulse, the pallet 
d, meeting with the end of the deUcate lifting spring, carries it so fiff 
outwards, and then parts with it to complete its vibration on this side. 
It is evident that the point of the adjusting screw opposes the detent 
being carried that way, although the lifting spring is not, and yet it is 
at the same time connected with the detent springs but extends so fiff 
beyond the end of the detent spring, that the lif^ pidlet dp whellisr 
going or returning, cannot touch it, but oannot pass either way with- 
out meeting with the sides at the end of the liftiiq; iprai* ¥^ weiid^g 
on it. The detent spring is screwed to one of the firame plates^ hy the 
paume, or sole, near to which it is made very thin and weak ; ndat 
this {dace, the centre of motion of the detent^^iec^ xu$g be wapgomd 
to lie. The lifting spring is pinned by one end to the side of the 



mAiifSH4i^ 4>srj(LauM» }aaAJfmumvT. 46B 

i|nng^ iiMch niqr ibe AiUid Ike •iild^ liuitaiyip 

■uA>.jV'tofMBdi:t]iecailieof tkeidiecL WlicallMjtaikessUce«4lM 
cydUdd put of ;liie ioodi ftllt (not on the pout faut a little witSn 
il»)0iitlieUnntiriwi§B»crttBMlyio, rftliefiice^tlicfrflet; honag 
ifmm hmpaimf wmd tmrnpng, the whod k agdbi lockocU Badjio ml 
3%9 ndweLk mkeksd it evetydtcrnate nlKft turn «f die UaacB»«r 
J9M ififinio JuMKy or 190 tbnoi in • siiiiiite^ Imhob belf eeocNBdi 
[fdandie^ul fajr^theMCMids lumd. JGhetKemettr ofifae 

MUit £• mflr be niade et die ^^rt ' ffF * of Um TKaoflmeiit flsa* 
Iwrjaciy pBnpnrtion to tfaetef the wheel ;iNit it iQiiftahnq^etnd» 
Am IJKi elietl ie locked, firee.between the teethe and the impufae 

hjT AeiriHello k, will be eoiiiiiicfa. the onere direct the kss the 
cfihe diameten. Andimlhisy expenenoeui the batteit ; 
htt itriftiBn hmg aadieitented triab« 

(D.) 

CbfiMftdM^e dfllflr JM 'ecetpmiefil, te/erretf <o page Si46, 

Plate IX. BfL 
tt. dhowt the detadied ''toipqnent made by Mr. EamAaw for hU 
bOK-dnmonieceiB. The balance wheel, A BCD^is plain, or flat, made 
dPited, and KUnetfanes of brats, the teeth have somewhat of die ratcb- 
it'ferm, and are condderablj imdercut on the fiice ; die number of 
tBdh'befaig 12,* and calculated so as to giye half seconds, by the steps 
efdie seconds hand on the seconds circle, in die same way as has been 
awrtionedin AmoUTs The steel roller or main pallet M S K has 
an dpemng in it, 'the fkce of which is slso much nndercat, having a 
pieee of some fine stone, sudi as hard ruby or sapphire set into it, 
ai seen at I %,for die purpose of making the pomtsof the teeth woft 
MRNrtihly on it, and prerenting any wearing ftom their constant action. 
A atad 6 is fixed to die potence plate, and to this stud the detent 
ipringFP in screwed, and mafie rery slender and weak near the stud. 
hhtyihe yielding at this pbuse, diafany motion can be given to 
die'dM«it on which the wheel is lodteA ; and here is its centre of mo* 
doB. The tooth D of the wheel is supposed to be kicked on aiat 
site iff'die-atone detent, whidi is fixed in a diidc part of die detent 
spring, liy means of wfaidi it presaes agunst the inside of the head 
dMie adjuttfa^ screw n^ which woAs in a fixed studa P » so that 

^ lin^to i^^liaiadu 'W isitia IS tssfh «ribsWMM nAsd, (wliBs'ff tsath k 
or l%eoe, wUh aWsass wlisd 9il% h ool^fsrilrts^ dMm^ 
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when it is screwed into tfak itnd, the Setenit will havcleaB hold of the 
tooths and vice veraa. Y is a ddicate Bpring attached to .the inner 
side of the detoit springs and which' is called the/lifting spring. . The 
eiid of the detent spring is bent a T^ry Bttle, so' thai the free 'endef 
the lifting spring- may' beer only on theinward beat. point at d. Gon^ 
centric with the oiiain pallet, is the small lifting f>allet n, which is Jet 
on the face, or liftingside, and tapered or rounded off on the oppo- 
site side. Its position in the figure- 1i0pretents.it coming with itsftcf 
against theJifting spring, which it wouULcaity away with it;.hat.thifl 
cannot have place^ without taking .aloiig with it; the detent apnng, 
and- consequently the detent is carried JOut ftbntlodking a tooth, of 
the whed at D.. By this time the main pallet hai got so far fhrwaid^ 
as to be in the way of receiving impulse from the tooth B, and b^. 
fore it can escape, the lifting pallet parts with: the end of the lifting 
spring, and leaves the detent and detent-spring immediately.tb re« 
sume their place. The detent will then be ready to receive the tooth 
C, by which the wheel is again lock^. The balance having perform- 
ed this vibration, by the impulse given, returns, and with it the lift- 
ing pallet fif the tapered side of which will press fine lifting spring 
inwards, but cannot carry the detent spring with it, this being pre- 
vented by the inside part of the head of the adjuQtii)g- screw «^ ; ^ter 
passing the lifting spring, it goes along with the ptn'^tion of the bal- 
ance, on whose return the face of it will. again mqet with the lifting 
spring ; unlocking then takes place,, and so on. The uidqcldng 
here is performed by carrying the detent outward ftom the centre of 
the wheel, which is locked by the extremcpointSjipf the teeth. Mr^ 
Earnshaw gives as a rule for making the inclination: of the fiiees of 
the teeth, and main pallet, that they should be in, a line drawn from 
the points of the teeth, as a tangent to a. circle whose diameter is half 
of that of the wheel i and the same rule is n^ for the face of the 
pallet, which is shown by the dotted lines, apd. circle in the figure. 
As the detent stono-piece on wbi^h' the toQtii.P'is locked^ being set 
into that side of the detent spring, .lying undermost in the fig^ure, it 
cannot therefore be well represented here. The points or dota al 
the letters k and a, show the relative positions of being locked- and 
unlocked. The flat part of the stone detent goes a very little way 
in^ as at /r, to receive the point of the tooth Aj on the opposite, side 
of the wheel, when locking is supposed ; and at uidocking the dot at 
a, may be supposed to be the utmost extent of the detent, when car-, 
ried out by the detent, and lifting springs at that time. The detent 
spring lies above, and clear of the wheel, and the detent stone-pieee, 
may be either a scmi-c}'linder or an angular piece. A flat tide is 
however, in cither way, requisite for the tooth of the wheel to lodk on 



OWEN ftOBlKt01l> BErACHBD *8CAPSMENT. <4|l7 

i^ and idle height <yr Ifliiga «f thb (MM ili^ 
waim odetcf the idieei, to that ihe teeth laey at all tiiMB have #iitf^ 
JmU on.it. lb. iBandrnw haa atated diat h& makerf Ae4hemer^iX 
hia laiUerior paUetihoger .than Aat of : Arbold's, whMh •wiDB^^bufeit 
<iriloirithe.taethia£[.the:Whefcl ie (pVe a nbi^ dmci itiipi^ >to it 
JEIm diasieler. tf 'thendkri} ham^as, if caiitedtoo flu*, ^oM^hm^ 
ihekoULeC the teeth on the; pallet '^ Where »:«4ieel ef IS ^teedvlb 
•eaad^it mH^y^ ikapeioBi g^ttusganm/ifidki^ef coMdeildAefledgfll. 
Ifthedrawi]^ in the specifications be cotteol^i flie 'pra|)ortf<flv IM^ 
tween the diameter of the balance wheel and of the roller, seems to 
be the same, or nearly the same, in Amold^s and Eamshaw's 'soqie- 
ments. • ) 



'^' < : . /•!:*.%' ••'•.■ - ■ i 



(E.) 
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Owm JBMnmmU detached *semfemeflii»' teferred io page 24T, 

PkOetXlBii- ' ■ *' ■^■■» 

£SL ia & view of Owen Robinson^s free, ttn d&tadied ^scapemitoi, 
whcro the unlocking should beeaaier efiect^ than il is doneieither.in 
Az^^'s or Earashaw's. AB, AB is 4 view of the baknce wliisel^ bodi 
in-plane^ and edgeways, being somewhat siniilar to the wheel in. the 
dnplex Vapement ; that is, the upright teeth are those which pv^uih- 
polse to the pallet^ while the long teeth in the phase of the wheal 
are those which lock on the detent* B is the roDer or pallet^ the 
acting fiice of which may, be supposed td hare a pieee of fine .stsne 
insertedthere,asin thetwofbrmer^scapemeots; i^«, the detent spring, 
screwed to the potence plate, and madfe rather, weaker at a place bi^ 
tween a and the sole, than anywhere eUe. It is at this ^aeaUsdy 
where it will readily bend, or^ yield,>hich becomes a eentre of )m»- 
tipn to the detent At the thick part tf, the stonei for the detent;& 
inserted j the white part at d may. be suppdsed.the. upper' end o£ii^ 
and a tooth of the wheel locked on the flat'tide,; next the .eentcdiiif 
tbe^roller; His the lifting spring attaldied'. to. the inside of ibf^di- 
teot;Spring. A part of both these springs iyiug iindcr the roller, cau^ 
not properly be represented. The extreme^ or firee :eiid .of the lifting 
luring, goes alittle beyond that of the detent spring,! so. that the hfl- 
ii^ pallet can never pass, without, touching it, but wdiile passingy 3t 
never can touch the end of the detent spring. The lifting paUatiia 
not easily seen, but is of the same fi^rm as that in 88; where theadK 
justing screw and stiid is the same, .as may be ai^poaed£>r fiS^. thoi^ 
not !^|rMm Oiere. The %e^aC tfafei lifting; pi#st,iibj|ip^ eietf 

touching the lifting spring ; carrjring it on a little way, would unlock 



tB.tktfit#f the 4iih«ni. The g^Mt difEeBBBce vf ndiiu in llie 

t«r'ar41iirfdMl«fimpdae,mdaf 4heIodBiigwli^ thit «i 

(iBQii irilk Im Ibim m liw diteat, dnft tbo^ 

49twdt; Ihe juikddi^ ii «nti^ards or mMdiog fteia •dK 

.4f ibt pfitHi 0fdifi(Mb»>nd MhoB kidiidy tenDolUr mfnh Am 

Mem II10 400th 4f inpnlH^ 



(F.) 

P. Le Bosfs Mmrine TtmOseeper, referred ioy ^p^gts 2S8 and SS6, 

PhUe XL 61. 



n.i8«fmrpeali«evie« dT ihe bfchtoot^ \fchc niw|innliM| md 
otheftNurte connected withily in If 4 i^. Le Roj'b marine timdceeper^ 
tried bj Older of the King of France, in a voyage on boaid the liyely 
Mifftte lis €bB yeV I76B, ftoin te -good fMSArttttMl}, a friae ^^raa 
ia w ia e d iai hiai kf di» Beyd Aa a Jeigj i>f arfeaeee. The fiaknee^ 
M loguittoa, T¥ VT» af ilhia timekeeper MH fdMl^ It mm torn 
imim ht diaae tee; imfjbitd •five^Mnotoi) «nd *«rMi ftttd tm «b ttber 
<ik«A) rabraikfMVs MitMi ung* A iMSft 'fiMow -or uhmbbiUu^) df, tfV ^9 
m^efi dR^ (to "whUi the mofeBMai fe fixed, keeps tlie halancelioAioiK 
4aUy impended Ibjr tke iap|wr end tif Its artkyr^ iif meaaatCF, «'vay 
4MhaqMdliaidiriw,1»irki<^3ki8l^^ tlielengditirtketifiTe 
iadtteeiatintir veyftimring 4mev«^^ ivi«!iflie«i8; 

laie Aiovvment «nB0t iwdl te Veen li^t<^ being %ehhid ihe upper 
part efAeieasaqQaoaiiting^ the dark iAalte^fMrt«f^eiffi^ THie 
4iBidncpar ^goea i9B toors^ wd haa M e^^ 
Jby flganit ttf la ftttea^ ahe WhM^f^he^ ^s n star^ ^*Ta£i, 0* 
j|acA,«id'anMia% light t itfjlveft ftnipeiBe't6 a'pilfct on the'KQKt 
tndenf thetiife of the balMde lU; evmy ^Itemate ^fbntdcttr; 'and the 
teapteent >iB m brnt^' dacadlMd^iie. iIn«drAer Omt'Oie 'balance nurf 
^on jBcefyon xta «id%W(li^itft|>i<»^9tt iiretrineft,%itfa p no/pe r j j by , 
htamui fddrqwiHeia %<ttiAig ftmHy in twoMnH frames a*c, ^e^ me 
JMrtteWfr^r'piMt^rtktfl ta thfc tttjhrtr ^patt of the'braar mauii fi ng ; 
4ie sppar pivint nms te ihenppeMUMffipamite, Vt«d to ihe faMk 
«iii> t i ii giiab, at»alitd» (BMaa»»<fdtt 

^dhrol tir mapeA&ig iA^. The Mrfa^is arranged iridi-ibe iie CBM ar y 
pnomAimy voiiMia «te «i»^ idrt A^ "atis tff l9ie hriwi^ittajlbrm 
<Jw»yaHliefi iHiii li^ttite. 4?!^ battfM, idhiia MfM^^ 




LE ftO|r*« MAEIKB VWB-KKEFKft. tt$ 

hf mmmm of ite AmMtfi^r A# wm of 

q^RBgi $9^ ##, like ilioM whidi 9m79 m ^mb lyiin^i to 

watdies, are adjusted to the kyiNTwd of ihtbilneeMit^ 

if their toHcia or Tinelt^ like what abe apind or fmtJtamwpritAgt 

imm in mihmfwmAmj mA am plwed cffMite eecb oihiriii4i 

lotoliaii»iii kdfaaeeoBd. 'OmnMmgmAB 4d^mrv% t^^ 
jim^ to $mf poiMoO) Hm peftdalom tpifuBa^ irluM MteneiMliiM 
AflMl 10 tiMoe coeka. TV rii|nlMi the tiawiriapiT^ fhara la piaaod, 
mm m ike kwtr ^ futikm tahmoe atkor^ a aaidl pUaaicite 
atoaaed #biilOO, on tte aqppor Ma of %bkh, ond dbaneuiaallyr 
iffudm^ hN» Wdi ore feeiftd, ifcwangh upMA the two acrewa ar fl^ » Q^ 
ftm k MMkriiWMiior^ Aal tminf Ami by tfao hand oiitt loaht 
dMM ^MBioqii^ nearer lo^ or Anaher ftom die aibor. Theari 
IMir aaiua, wUeh tan to dlaainiahed it pliianro, oeoaid* 
ttdgHMy ^ifdMcaae, «M be tiodoto doaariba « groM a|^ 
the MiAbae to be tegnkled tethe niooit vuMiler. tflto 
bMl mid «»ld weio of. ahoit duraribn, the baaovuBnienoM 
Aaiiii»^b>an cg i po aed might to Mfletiadt bytnattonunklMnaair 
toylMMltoiatoMdergo aoch tA of iiM)|Wi lUi n ibr ait mmiJm 
al^maei it U obriotia thot tto ^itaoti oni of diflhient €Mtmt of tto 
Hg i l M i i l, tofiltg Aon no tongttr Ae iaa<A^ 
lAiditaii^te oMo «o vaiy the laigenaaa of tto vibration^ imM 
eohridKftliy dter the Tegnkritjr of tto tffliekeafor. 

^ OoBfbMd o^ the prinetple,'' a«f% Le Roy, << 4m I toyojoil 
aabibliahod^ to eompenaMe thoaftit of dtifcrittt tomparoturra oir ioy 
MMUn^, I took ^pute a new way. I idifiadfo the kftlMBO Wfmt 
antflbort ofbtaas and «leel, dtapaaod b laiob aiaianttirydMt,by ttolf 
V i gii*<«i i^ B in beat, or ANxrtening in told, thoy wwi bixH %bl ^mmm 
to ik ftttb^ ftom ita cetttto; two eot^dordblo piirto of iia mnia^ 
plMbed etoh at the eztMni ty of a l6t>^> «m1 dlaMMil*Ily epf&dHtJ* 
Byttie ^idcf^atidn wUch t bod ttaAe df ii, ii ^fpmMOM^ 
#bole ttaaa of the bohnee aipprowdied to or vacadad tMt iho^Mntttf 
of tte bdance dbont A^ of a Ibie, to eoatMtlNM^ ^ 
wMdi would boTe piodnodl otte aeoimd out dT 15 iltti boor k ito 
going of the watch. The inoobreideooe ^ Ae pMMftding WHhotf 
iMdame aoon gite h t^i the pky of Ao teiMi ixrhattmaid Ito 
wMittYaeBdityof ttobriante, ^irodnead *etM9 gt oo ia r thanib^ii^ 
^vMdi I witoiad td coknpenaate. TMa Midett(^%W»bMeofttto«bb 

a This nKhoa* or MMBethiae UkaH, wMOootiitsi^ ihakM Mr* Arnold. 
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XMibod: whidi afUlnraapA. ansireked my lilnioiit ezpectatHni ; u e6tt» 
cutfii. in tbfe appHcsdon- Uk the balitao0<of Iwo small ihermometerf^ 
H^.ttf tt, it, made each of a glaas tubci bent atid open at oae 
end,: and haViiiga ball at'the.otber. 

^^Thoie libeanometen, oomposad iof mei^^ 
luiTe:fiDmed each an.cnot parallelogram, if tb& upperJaide, which 
canotea iheball wheroiii the apiiit o£ wlneU ct»itaiiied,t wd partly on 
this fide/tvf.iti^v had not jbem.a Ultlfe indioed* : Bolih tbeaa: ibenno- 

t)on io.each otlier, in siteh a mtaxuat ith»t %hf ai^esf of their tubes, and 
tbM of thebalanoe, meet in the same ji»e\ wllitsh ii^tens^cts the balla 
ijd;tbfiiniddlei It [niiiat be utaderstood, pti&yiQUKtaeicpWiung thia 
cOkip^sationv that the melrQuacy .^ ih^.low^ side iof the tubei» and 
•bout hldflray.np the sidepnrtsiif it,. It will be <mily c^Meived how 
diiaiQdnstnuftion piodupea the icMQpenaation.requiDqd. ...Tiie;tiiemy». 
iftslers^ making paii M.theiregukt|[>r>.oi:b$hnce»iW^en d|e;.fimt of 
winoi by its: expansion) pushes- a; peri^ of the^meipciMif^ pf 4bt <<9M«k'. 
hnnvh (tf the :tnbe £./, t^Wfurds thmt whicb/.^s M^^tl^e ,«»». i<ffr.i|i^. 
tipn ; >jporti<m of the Inenrary, ab^ part of ^hfCQumt'pf tj|^;regi|l|Mr, 
pffPtes |h6ii..fiom its^ciiQcuibfereiioe'towardtf ri^peiUiie, f. At ibo.fufiai^ 
(^.tempetotute) for tufUBfle^ the^xwEffuiy occmipifsf t]ie.tiib^.:hiJi? 
W4y .up) w: each. side ; whereas, jn extrepne cpld, wheu the [tl^emppo- 
torof.B^iu^ur is— 1 6P, or that of Fahrenheit 93»75''beb.w thafimi^ 
piint, Qrr-L76%.the outward bn^ch of the tube iajSUed with piercn- 
xy, whilst its inward conesptoding braKcb'is empty i and as -the mass 
gf.tibe. bil^nce resists, in the ratio of the ^uaissrpf its dism^:e>from 
the qentr^ thm. evidcsnily fi»llow% Ikomitjiis- a (QQinpei}Sj^iQBi. .: If the 
^fafc^someter g^e^ slowV fiomc a loss .in. ,%b/e elastici^^ of the sprii^gsy 
a|^^:oiti,thO expansion of .Ae biJance by. too gr^t a bea^ it is qom- 
p^nsated. ;tiy.iQ8s . weic[ht orma^'rat the ^i^mfeB^qe.frf the.rqpi^ 
tor.; {a^df pioe fhsrui, in th0 pa^s^ge to cold, this* effeistis ^ nmc^ kl^e 
moffimtfi M tb«r«istto;sM^eorplay,tobf|app?elfepd^^ 3e* 

4f)e8 th^ ^j^pepsian.of .the spiat ^ jwijfe fjy heaj^ fmd.i^ fontnoiian 
l|y cold, iire eonitant effects, .a# have bcis^ foun4 ;by ; p^gyrieijiice |v;ith 
tt^Annpmet^of this liquor, which, h^ lo^t qpthing of. their pTsctness 
atjheendof thirty ye^rs.. From the q^quktionmsi^&r'these^faer^ 
fi^neters, it was fowd necessary to have; them i]i.the.;fpnn repr^ 
sented here, by bringing the balls near to the ;cei^re qf the .balance^ 
in.order to diminish that rc;sistance of the air torits nu^apn, whidi it 
would have experienced, had the' balls been pUqed at,;, orn^ tba 
drcumference."" 
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61. Nos. 1. and 2. are more distinct views of the thermometeta 
employed by Le Roy in the compensation of his time-keeper. 



(G.) 

Month Clocks^ referred tOy page 36. 

In docks going a month or upwards, the first and second wheels 
shoold be on the left side of the frame, in order that the cord shonld 
lead off from the barrel, on that side next the first pinion. An eighti 
day dock should have the barrel on the right hand side, for the like 
reason. We have made an eight-day dock, with two wheels trans- 
mitting their force to the centre pinion ; in this case, the barrel was 
pot to the left side ; the great wheel here was 96, the second 90, its 
pinion 30, the centre pinion 24 ; 96 x 90 + 30 X 24 = 12, the nuia- 
ber of hours for one turn of the barrel. In a clock going a month or 
more, it is indispensable to have two wheels to transmit the force to 
the centre pinion, though not so in an eight-day one. In whichever 
way the hour-hand is carried about, it may not be amiss to have a 
counterpoise to the minute hand ; the spring to the minute pipe- 
whed is commonly put on by a round hole, and sometimes by a 
square hole, fitted on a square made to the outside of the fore pivot 
of the centre pinion i for common clocks, this may perhaps serve 
weU enough. The kind of spring we have made to some docks, had 
a socket underneath, the depth or height about one-tenth of an inch 
nearly ; this was fitted to a part of the pivot outside, and a very 
little twisting on it made it hold surprisingly fast ; the minute pipe, 
on one end, had a plain or flat sort of A wheel, in diaiqpieter an indi 
or more, against which the spring pressed when the minute hand 
was by its collet pinned down ; a spring-kind of socket was put on 
the minute pipe, from which an arm projected in a direction oppo- 
site to that of the minute hand, having at its end such a weight, so 
as it could be made in equipoise with that of the minute hand. By 
this means, the minute hand could be set pleasantly, and with the 
greatest predsion. 
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